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PRESIDENTIAL  ADDRESS 
By  Arthur  A.  Cole.* 

Canada  today  is  receiving  an  unequalled  training  in 
nation-building.  Our  mutual  sacrifices  have  strengthened 
the  bonds  of  national  unity;  and  we  are  now  a  nation  in  a  much 
truer  sense  by  reason  of  the  events  of  the  past  two  years  ago. 
In  this  great  struggle  every  industry  of  the  country  has  realised 
the  necessity  of  doing  its  share  towards  the  promotion  of  the 
cause  of  the  Empire;  but  if  account  be  taken  of  those  who  have 
volunteered  for  overseas'  service,  it  will  be  found,  I  think,  that 
our  Canadian  mineral  industry  has  made  proportionally 
greater  sacrifices  than  any  other.  No  class  of  men  has  re- 
sponded so  readily  to  the  call  to  the  colours  as  the  miners,  and 
no  other  industry,  it  may  safely  be  asserted,  is  represented  in 
the  trenches  by  so  large  a  percentage  of  its  workers.  Equally 
commendable  has  been  the  patriotism  displayed  by  many  of 
the  operating  mining  companies  of  the  Dominion.  By  en- 
couraging and  assisting  their  employees  to  enlist  they  have  made 
great  sacrifices  and  have  voluntarily  complicated  their  problems. 

For  the  part  Canada  has  already  played  in  the  war  we 
have  just  cause  for  pride  and  satisfaction.  We  propose  to  do 
much  more.  Nevertheless  there  is  no  denying  the  fact  that 
when  hostilities  commenced  we  were  most  inadequately  pre- 
pared to  meet  the  conditions  then  created.  The  outstanding 
advantage  possessed  by  our  enemies,  and  one  which  it  is  now 
taking  enormous  efforts  to  overcome,  was  that  secured  to 
them  by  'scientific  preparedness'.  While,  some  excuses  may 
be  found  for  our  unpreparedness  at  the  opening  of  hostilities, 
there  can  be  none  if  at  their  close  the  lesson  has  not  been  taken 
to  heart,  and  we  find  ourselves  unprepared  to  take  full  advan- 
tage of  the  economic  and  industrial  opportunities  that  will 
then  arise. 

In  a  recent  speech  in  the  House  of  Commons  Sir  George 
Foster  said,  "After  the  war the  British  Empire  will 
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knit  itself  together  economically.  It  will  see  that  its  own  raw 
materials  in  all  parts  of  the  Empire  are  utilized  and  developed." 
In  this  endeavour  the  Mineral  Industry  is  directly  concerned. 
The  products  of  this  industry  are  essential  to  many  of  our  in- 
dustrial and  commercial  enterprises.  We  should  aim  to  estab- 
lish a  sympathetic  and  efficient  co-operation  between  the 
scientific  worker  and  the  manufacturer. 

Six  years  ago,  His  Majesty,  the  King,  gave  utterance  to 
the  following  pregnant  remark  at  the  opening  of  the  Congress 
of  Applied  Chemistry  held  in  London:  "We  all  recognize  that 
without  scientific  foundation  no  permanent  superstructure  can 
be  raised.  Does  not  experience  warn  us  that  the  rule  of  thumb 
is  dead,  and  that  the  rule  of  Science  has  taken  its  place,  that 
to-day  we  cannot  be  satisfied  with  the  crude  methods  which 
were  sufficient  for  our  forefathers,  and  that  those  great  indus- 
tries which  do  not  keep  abreast  of  the  advance  of  Science  must 
surely  and  rapidly  decline.  If  we  are  to  become  a  great  nation 
we  must  realize  that  the  rule  of  thumb  is  dead,  and  that  the 
rule  of  Science  has  taken  its  place." 

If  the  trend  of  our  national  life  is  to  be  in  the  direction  of 
true  progress  and  success,  we  must  awaken  to  the  realisation 
that  the  men  of  the  future  must  be  scientifically  and  technically 
trained.  The  war  has  emphasised  in  particular  our  deficiencies 
in  respect  of  the  woeful  absence  of  anything  in  the  nature  of 
co-operative  effort  towards  achieving  the  maximum  of  industrial 
efficiency;  or,  in  other  words,  we  have  signally  neglected  to 
apply  scientific  methods  to  our  national  activities.  Germany's 
successes,  both  industrial  and  military,  have  been  due  to  the 
fact  the  she  has  recognised  the  value  of  Science  and  of  Engin- 
eering and  has  freely  utilised  these  aids  towards  the  promotion 
of  her  objects. 

The  Canadian  Mining  Institute  is  composed  for  the  most 
part  of  scientifically  trained  men  holding  positions  of  var>dng 
importance  in  the  mining  industry,  and  we  should,  therefore, 
bring  our  influence  to  bear  on  the  all-important  problem  of 
educating  the  public  to  a  rational  appreciation  of  the  part  that 
this  industry  should  play  in  our  national  life.  At  present 
there  is  deplorable  ignorance  of  the  most  fundamental  prin- 
ciples on  which  the  very  business  of  mining  is  based. 
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Talk  to  the  man  on  the  street  and  you  will  be  amazed  to 
find  that,  in  nine  cases  out  of  ten,  he  does  not  realise  that, 
commercially  considered,  there  exists  a  basic  difference  between 
a  mining  undertaking  and  an  industrial  enterprise.  He  will 
tell  you  that  the  reaso^a  mine  should  properly  yield  to  the 
investor  twice  the  annUJi  return  that  would  be  satisfactory 
in  the  case  of  an  industii^  concern  is  because  the  former  is 
more  risky.  As  a  matter  ff^^^t^^  the  mine  may  have  developed 
ore-reserves  sufficient  to  retu^jjggthe  entire  capitalization  and 
be  as  safe  as  the  Bank  of  England,  while,  on  the  other  hand  the 
industrial  venture  may  be  in  a  most  precarious  condition. 
The  man  on  the  street,  in  short,  has  never  grasped  that  a  pro- 
portion of  the  dividends  paid  by  mines  represents  and  must  be 
regarded  as  a  partial  return  of  capital.  For  this  general 
ignorance  of  the  public  regarding  the  mining  industry  we  our- 
selves are  not  without  blame.  Within  the  industry  itself 
is  not  co-operation  lacking?  How  much  do  the  precious  metal 
operators  know  of  the  problems  of  the  coal  operators?  How 
much  do  we  all  know  of  our  mineral  resources?  How  many, 
for  instance,  are  aware  that  all  the  asphalt  that  we  use  is 
imported,  w^hile  at  the  same  time  we  have  in  Canada  the  largest 
deposits  in  the  world?  How  many  know  that  peat  is  imported 
into  Canada  from  Europe  to  help  fatten  our  cattle?  And  how 
many  know  that  many  of  our  precious  metal  mines  will  be 
prevented  from  installing  oil  flotation  for  the  treatment  of 
their  low  grade  ores,  unless  we  produce  a  substitute  for  the 
necessary  oils  which  are  now  produced  in  the  United  States, 
although  not  even  scarcely  in  sufficient  quantities  to  meet  the 
requirements  of  operators  in  that  country. 

To  my  fellow  members  of  the  Canadian  Mining  Institute 
I  desire  to  say,  let  us  assist  as  we  should  and  can  in  the  great 
work  of  moulding  the  destinies  of  our  nation  and  of  advancing 
its  interests.  We  must  be  prepared  to  participate  to  a  greater 
degree  in  public  affairs.  Every  scientifically  trained  man, 
every  engineer,  every  practical  industrialist,  has  this  national 
responsibility  and  duty  resting  on  him.  Let  us  formulate  a 
constructive  policy  with  regard  to  the  mineral  industry  in 
Canada.  The  war  has  shown  us  the  advantage  possessed  by 
a  countrv  that  has  its  industries  entirely  within  its  own  borders. 
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Let  us  advocate  then  the  desirability  of  maintaining  a  national 
control  over  the  whole  cycle  of  mining  operations  from  the 
winning  of  the  ore  to  the  disposal  of  the  finished  product. 
The  Canadian  Department  of  Mines,  in  co-operation  with 
the  Provincial  Bureaus  can  properly  undertake  much  of  the 
general  work  of  preparation  for  the  future  expansion  of  our 
industry,  but  we,  both  as  a  society  and  as  individuals,  can 
also  assist  in  this  most  important  endeavour.  It  is  clearly 
our  duty  to  do  so. 


THE  FLOTATION  PROCESS 
By  T.  A.  RiCKARD 

Annual  Meeting,  Ottawa,  1916. 

Introduction. — It  is  not  yet  four  years  since  the  starting  of 
the  first  American  mill  using  the  frothing  method  of  flotation, 
yet  55,000  tons  of  ore  are  being  treated  daily  by  this  process  in  the 
United  States  today.  This  means  20,000,000  tons  per  annum. 
The  larger  part  of  these  metallurgical  operations  began  within 
the  last  two  years.  It  is  evident  therefore  that  the  process  is 
gaining  ground  so  rapidly  as  to  command  the  intelligent  atten- 
tion of  all  those  engaged  in  mining.  In  the  present  writing  upon 
the  subject  I  have  tried  to  supply  such  information  as  is  required 
by  those  newly  interested  in  flotation,  either  as  students  or  as 
operators.  Of  course,  what  I  have  written  makes  no  claim  to 
finality,  for  I  am  conscious  of  possessing  only  an  elementary 
understanding  of  the  extremely  abstruse  set  of  phenomena 
underlying  the  process.  My  contribution  is  that  of  a  detached 
obsers'er,  eager  to  be  helpful  to  the  workers  in  this  new  branch 
of  metallurgy'. 

The  Physics. — In  a  recent  reminiscence,  my  friend  Ben 
Stanley  Revett  has  recorded'  how  he  bet  "a  bottle  of  bubbles" 
with  that  peripatetic  philosopher  Thomas  F.  Criley,  the  partner 
of  Carrie  Jane  Everson  in  an  oil  process  of  concentration  whereby 
the  valuable  sulphides  were  made  to  float  above  the  worthless 
gangue  in  a  pulp  of  crushed  ore.  Mr.  Revett  says  that  he  bet 
his  bubbles  against  Criley's,  but  we  suspect  that  in  saying  so 
he  was  interpreting  the  prior  art  in  terms  of  latter-day  metal- 
lurgy, for  it  is  doubtful  whether  any  of  the  persons  concerned 
in  that  early  experiment  at  Baker  City,  Oregon,  had  a  clear 
understanding  of  the  function  of  the  bubbles  in  assisting  the  oil 
to  give  buoyancy  to  the  sulphides.  However,  in  staking  his 
bubbles  of  carbon  dioxide  dissolved  under  pressure  in  the  vintage 
of  Champagne   against    the    performance   predicted   by  Criley, 
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Mr.  Revett  must  be  credited  with  successful  anticipation,  for 
27  years  after  the  incident  we  know  that  the  key  to  the  flotation 
process  is  to  be  found  not  in  the  oil,  the  acid,  or  the  apparatus, 
but  in  the  bubbles. 

The  man  who  understands  the  physics  of  a  soap  bubble  has 
mastered  the  chief  mystery  of  flotation.  The  small  boy,  who, 
as  pictured  by  Millais,  watches  the  birth,  ascent,  and  bursting 
of  the  iridescent  sphere  of  his  own  making,  is  the  type  of  our 
modern  metallurgist  who  makes  the  multitudinous  bubbles  con- 
stituting a  froth  and  then  wonders  to  what  laws  of  physics  this 
filmy  product  owes  its  existence. 

To  put  it  briefly,  the  boy,  having  dissolved  soap  in  water, 
holds  a  little  of  it  in  the  bowl  of  his  clay  pipe  while  he  blows 
through  the  stem.  The  soapy  water  forms  a  film  that  is  distended 
by  the  boy's  warm  breath  into  a  lovely  sphere,  which  is  lighter 
than  the  surrounding  air  and  therefore  rises,  while  the  sunshine 
undergoes  refraction  into  the  colours  of  the  spectrum.  When  the 
boy  blows  through  his  pipe  into  pure  water,  he  makes  bubbles 
likewise,  but  they  break  instantly.  It  is  the  soap  that  lengthens 
their  life.  In  the  language  of  physics  we  say  that  high  'surface 
tension'  causes  the  pure- water  bubbles  to  burst  immediately, 
while  the  addition  of  soap  introduces  a  contaminant  that  lowers 
the  tension  so  as  to  enable  the  bubbles  to  last  longer. 

The  basic  factor  in  the  making  of  bubbles  is  surface  tension  • 
This  is  the  force  that  causes  the  surface  of  a  liquid  to  resist 
rupture.  The  particles  at  the  surface  have  a  greater  coherence 
than  the  similar  particles  within  the  body  of  the  liquid.  In  other 
words,  each  molecule  within  the  interior  of  the  liquid  may  be 
pictured  as  surrounded  by  molecules  like  itself  in  being  attracted 
toward  each  other  equally  in  all  directions;  while  the  molecules 
at  the  free  surface  of  the  liquid  are  attracted  only  by  those  in- 
ternal to  themselves,  the  result  being  to  constrict  the  free  surface 
to  the  least  area.  In  consequence,  the  surface  acts  as  if  it  were 
elastic.  Hence  the  attachment  of  water  to  the  sides  of  a  tube 
and  the  drawing  of  that  water  upward — which  is  called  'capil- 
larity' because  it  is  most  marked  in  a  tube  as  small  as  capillus, 
a  hair. 

Numerous  manifestations  of  surface  tension  on  water  could 
be  cited.   Fill  a  tumbler  a  little  more  than  full  and  the  water  will 
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have  a  convex  surface,  indicating  that  there  is  some  force  at 
work  to  prevent  the  water  from  spilling.  Note  the  cohesion 
between  two  plates  that  have  been  wetted.  Dip  a  camel's  hair 
brush  into  water  and  the  hairs  cling  together;  immerse  the  wet 
brush  in  the  water  and  the  hairs  separate.  Watch  the  formation 
of  a  drop  of  water  and  note  that  it  behaves  as  if  enveloped  by  a 
stretched  membrane.  Water-spiders  can  be  seen  running  over 
the  surface  of  a  pond  in  summer,  as  small  boys  run  over  a  pond 
covered  with  thin  ice  in  winter.  The  ice  bends  under  their  weight 
without  breaking;  so  also  the  spider^  makes  a  visible  dimple 
without  wetting  his  feet.    The  surface  is  not  ruptured. 

The  force  of  surface  tension  has  been  measured  by  ascer- 
taining the  weight  that  can  be  suspended  from  a  film  of  water 
in  air.^  It  has  been  stated  as  3j  grains  per  inch^  or  81  dynes  per 
centimetre.^  The  most  recent  determination  is  that  of  Theodore 
W.  Richards  and  Leslie  B.  Coombs,^  who  found  it  to  be  72.62 
dynes  per  centimetre  at  20°C.  Many  disturbing  factors  enter 
into  the  measurement  of  this  force,  so  that  diverse  figures,  rang- 
ing from  70.6  to  81,  have  been  announced  at  different  times. 

Surface  tension  differs  as  between  various  liquids  and  fluids 
in  contact;  for  example,  the  tension  separating  mercury  from 
water  amounts  to  418  dynes  per  centimetre,  while  that  separating 
olive  oil  from  air  is  only  36.9  dynes.  A  drop  of  pure  water  will 
spread  over  the  surface  of  pure  mercury  as  oil  will  spread  over 
water.  The  surface  tension  of  an  oil-water  surface  is  only  14,  as 
compared  with  the  73  of  an  air- water  surface  at  a  temperature 
of  18°C.^  While  the  film  of  oil  on  water  may  be  only  one  mole- 
cule thick,  or  one  twenty-five  millionth  of  an  inch,  it  will  suffice 
to  reduce  the  effective  pull  of  the  water  surface  from  73  to  43. 
This  latter  figure  represents  the  effective  surface  tension  of  water 
modified  by  oil  as  used  in  flotation.  It  is  the  main  factor  in  the 
formation  and  persistence  of  a  bubble.  Heat  lowers  the  surface 
tension  of  water.  Place  powdered  sulphur  on  the  surface  of  the 
water  on  a  horizontal  plate  of  clean  metal;  apply  heat  locally; 

^In  New  England  the  boys  call  them  'skaters.' 

^'A  Text  Book  of  the  Principles  of  Physics.'    By  Alfred  Danniell,  1911. 
*'Soap  Bubbles,'  by  C.  V.  Boys. 

*Clerk  Maxwell  in  the  Encyclopaedia  Britannica,  under  'Capillarity.' 
*'The   Surface   Tension   of   Water,  Alcohols,  etc'     Jour.  Amer.  Chem. 
Soc,  July,  1915. 

^'A  Text-book  of  Physics,'  Poynting  and  J.  J.  Thomson,  1913. 
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the  sulphur  is  pulled  away  by  the  cold  liquid  as  against  the 
feebler  tension  of  the  warmer  liquid. 

This  elastic  force  at  the  surface  of  a  liquid  tends  to  draw 
it  into  the  most  compact  form.  That  is  why  a  drop  assumes  the 
form  of  a  sphere,  in  which  shape  it  presents  the  smallest  surface 
in  relation  to  its  volume.  Surface  tension  is  a  contractile  force. 
This  is  shown  in  a  simple  way  by  blowing  a  soap  bubble  on  the 
large  end  of  a  pipe  and  then  holding  the  other  end  to  a  candle, 
when  the  air  escaping  from  the  shrinking  bag  of  the  bubble 
extinguishes  the  flame,  as  in  Fig.  1.^   When  water  is  spilled  on  a 


Fig.  1 


stove,  it  assumes  a  globular  form  and  dances  on  the  hot  iron 
until  it  flashes  into  steam.  When  water  is  sprinkled  on  a  dusty 
floor,  the  dust  forms  a  layer  upon  the  drop  of  water,  which  draws 
itself  together  into  rolling  spherules.  The  smallest  drops  are 
the  most  nearly  round;  in  the  larger  ones  the  weight  causes  a 
flattening,  because  gravity  overcomes  the  elasticity  of  the  surface 
film.  That  is  shown  even  more  clearly  in  the  case  of  drops  of 
mercury,  and  by  the  beads  of  gold  on  an  assayer's  cupel. 

This  contractile  force  at  the  surface,  whereby  a  portion  of 
liquid  gathers  itself  together  into  spherical  form,  explains  why 
the  pure-water  bubble  bursts  so   readily.      The  high   tension 


^'Soap  Bubbles,'  by  C.  V.  Boys,  page  49. 
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shatters  it.  It  does  not  burst  explosively,  by  expansion  of  the  gas 
within  the  envelope,  but  by  lateral  displacement  of  the  substance 
of  the  elastic  film.  It  collapses  because  the  surface  tension  draws 
it  together.  To  prevent  such  immediate  collapse  it  is  necessary 
to  lessen  the  tension,  that  is,  diminish  the  contractile  force  in 
the  elastic  membrane  constituting  the  film  of  the  bubble.  This 
can  be  done  by  introducing  an  impurity  or  contaminant,  which 
lowers  the  surface  tension.  Water  has  the  highest  surface  tension 
of  any  common  liquid  except  mercury,  so  that  the  addition  of 
another  liquid  usually  lowers  its  surface  tension. 

Oil  in  emulsion  and  organic  substances  in  solution  can  be 
used  for  this  purpose.  Soap  will  have  the  same  effect,  and  that 
is  why  a  soap  bubble  lasts  longer  than  a  pure-water  bubble,  the 
film  of  the  former  consisting  of  water  having  some  soap  in  solu- 
tion. When  water  has  been  modified  by  such  a  contaminant, 
the  components  of  the  film  can  so  dispose  themselves  that  the 
superficial  forces  will  be  the  same  everywhere,  that  is,  tend  to 
remain  in  equilibrium,  including  the  force  of  gravity,  which 
otherwise  would  pull  the  film  apart. 

When  two  bubbles  come  in  contact  they  tend  to  coalesce 
because  the  two  of  them  have  an  aggregate  area  greater  than 
that  required  to  include  the  same  amount  of  air  within  a  single 
bubble.  In  pure  water  the  bubbles  coalesce  with  a  violence  that 
is  mutually  destructive.  Even  when  a  survivor  is  left,  the 
violence  of  coalescence  of  such  bubbles  in  a  pulp  unhorses  any 
mineral  particles  that  may  be  riding  the  bubbles.  When,  how- 
ever, the  water  is  modified  by  oil,  the  contractile  force  of  surface 
tension  is  diminished,  the  bubbles  are  less  fragile,  and  they  sur- 
vive long  enough  to  perform  their  metallurgic  duty  of  buoying 
the  metallic  particles  to  the  surface  of  the  liquid  pulp.  In  practice 
the  '  modification '  of  the  water  is  effected  by  emulsification  or 
minute  sub-division  (as  in  a  mayonnaise)  of  an  insoluble  oil,  such 
as  cotton-seed  and  oleic;  or  it  may  be  done  by  means  of  a  soluble 
oil  or  derivative,  such  as  cresol  and  amyl  acetate. 

The  presence  of  a  contaminant  in  water  may  also  affect  its 
viscosity  or  internal  friction,  whereby  it  offers  resistance  to  a 
change  of  shape.  This  strengthens  the  film  of  a  bubble  generated 
in  such  water.     Moreover,  it  has  been  asserted^  that  a  concen- 


'Samuel  S.  Sadtler  in  Minerals  Separation  v.  Miami  case,  1915. 
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tration  of  the  contaminant  occurs  in  the  surface  of  a  Hquid, 
causing  the  viscocity  to  be  highly  magnified  as  compared  with 
the  body  of  the  liquid.  It  is  also  known  that  the  films  made 
of  any  definite  liquid  are  of  the  same  strength,  irrespective  of 
their  thinness;  so  that  the  attenuation  of  the  skin  of  a  bubble 
does  not  decrease  its  strength.  This  again  follows  from  one  of 
the  most  remarkable  properties  of  a  bubble:  the  ability,  within 
small  limits,  of  adjusting  its  tension  to  the  load. ^°  Briefly,  the 
tension  at  the  surface  of  a  contaminated  liquid  is  able  to  adjust 
itself  within  fairly  wide  limits.  Thus  a  film  of  such  a  liquid  can 
remain  in  equilibrium  when  a  film  of  pure  liquid^^  would  have  to 
break. 

In  his  book  on  flotation  T.  J .  Hoover'^  states  how  the  presence 
of  a  mere  trace  of  saponine  will  kill  the  froth  in  the  flotation  cell. 
He  does  not  explain  why.  It  happens  that  saponine,  which  can 
be  dissolved  out  of  horse-chestnuts,  is  an  aid  to  the  blowing  of 
big  bubbles.  But  they  are  weak  and  tender.  Why?  Because 
saponine  increases  the  tension.'^  When  a  saponine  bubble  is 
brought  into  contact  with  a  soap  bubble,  the  former  contracts 
and  blows  air  into  the  soap  bubble.  Rayleigh  proved  that  the 
tension  of  the  soap-film  is  only  two-thirds  of  that  blown  from  a 
saponine  solution  of  equal  strength.  One  part  of  saponine  in 
100,000  parts  of  water  will  suffice  to  make  a  liberal  froth.  But 
the  bubbles  are  flimsy.  They  are  so  fragile  as  to  render  them 
of  no  use  as  carriers  of  mineral.  Hence  they  spoil  the  normal 
working  of  a  flotation-cell,  in  which  it  is  necessary  to  employ  a 
a  contaminant  that  lowers  the  surface  tension  so  as  to  yield 
bubbles  that  are  both  persistent  and  sufificiently  robust  to  buoy 
mineral  particles. 

In  approaching  the  rationale  of  the  process  under  discussion 
it  may  now  be  assumed  that  we  are  dealing  with  a  pulp  consisting 

^"'Thermodynamics,'  by  Willard  Gibbs.  Page  313.  "In  a  thick  film, 
the  increase  of  tension  with  the  extension,  which  is  necessary  for  its  stabihty 
with  respect  to  extension,  is  connected  with  an  excess  of  soap  (or  some  one  of 
its  components)  at  the  surface  as  compared  with  the  interior  of  the  film." 

^  ^'In  a  chemically  pure  liquid  it  is  impossible  to  form  froth  or  multiple 
bubbling.  Some  differentiation  of  the  components  of  a  liquid  is  required  to 
make  a  film. 

"'Concentrating  Ores  by  Flotation.'     Page  99,  Second  Edition. 
•''Soap  Bubbles,'  by  C.  V.  Boys.     Page  115. 
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of  ore  and  water,  modified  by  oil,  the  ore  having  been  crushed 
sufficiently  to  separate  the  metallic  sulphides  from  the  associated 
gangue  in  a  pulp  consisting  of  minute  particles  of  each.  In 
ordinary  water-concentration  the  lower  specific  gravity  of  the 
gangue  permits  the  mill-man  to  wash  it  away  from  the  heavier 
metallic  sulphides,  but  in  the  flotation  process  this  action  is 
reversed,  the  metallic  particles  being  lifted  above,  and  away 
from,  the  gangue  particles.  Apparently,  it  is  a  metallurgic 
anomaly. ^^ 

To  this  crushed  ore  we  have  added  oil.  The  oil  serves  as  a 
contaminant  that  lowers  the  surface  tension;  also  it  augments 
the  viscosity  of  the  liquid.  These  two  effects  unite  in  facilitating 
the  formation  of  strong  and  persistent  bubbles.  The  necessary 
air  is  introduced  by  agitation  or  by  direct  injection.  Sea-weed 
contaminates  sea-water  and  makes  foam  in  the  breakers,  as  oil 
makes  froth  in  fresh  water  that  is  agitated. 

Air  has  a  marked  adhesiveness  for  metallic  surfaces:  this 
attachment  is  supposed  to  be  enhanced  by  the  presence  of  oil 
or  grease  on  the  metallic  surface.  In  other  words,  the  metallic 
surface,  such  as  that  of  a  sulphide  mineral,  when  in  the  presence 
of  both  oil  and  water,  will  exhibit  a  preference  for  the  oil.  Hence 
the  sulphide  is  not  wetted  This  characteristic  is  less  marked 
on  the  part  of  the  heavy  silicates,  such  as  rhodonite  or  garnet; 
and  still  less  evident  in  the  case  of  the  lighter  silicious  minerals 
such  as  quartz  and  orthoclase.^^  The  addition  of  acid  lessens  the 
oil  attachment  to  the  gangue  particles  without  decreasing  the 
selectiveness  of  the  oil  and  the  air  for  the  sulphide  particles. 
Thus  we  can  understand  why  the  bubbles  attach  themselves  to 
the  metallic  particles  and  buoy  them  to  the  top,  while  ignoring 
the  gangue  particles,  which  sink  to  the  bottom  of  the  vessel  in 
which  the  pulp  is  undergoing  stirring  or  agitation.  This  prefer- 
ence of  air  for  metals  and  metallic  surfaces  must  be  emphasized. 
It  is  the  decisive  factor  in  the  process  of  flotation.  Most  minerals 
when  pulverized,  and  then  sprinkled  on  water,  will  float,  particu- 
larly if  they  are  in  flakes  or  plates,  as  gold  often  is  and  as  minerals 
with  a  highly  developed  cleavage  usually  are.     Such  flotation 


"Mr.  Ingalls has  called  it  'concentration  upside  down';  Mr.  Norrishas 
called  it  a  'paradox.' 

i^Kenneth  A.  Mickle.  Proceedings  of  the  Roj'al  Society  of  Victoria  . 
Vol.  XXIV,  Part  2,  1911. 
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is  due  to  air,  which  forms  a  discontinuous  film  under  the  mineral 
particles.  Mickle  proved  this  by  taking  a  magnetic  mineral, 
like  pyrrhotite,  and  pulling  it  out  of  the  water  by  a  magnet, 
when  it  could  be  seen  that  the  water  was  dragged  up  with  the 
mineral.^®  These  minerals  float  for  the  same  reason  as  an  un- 
greased  needle  will  float,  namely,  the  resistance  to  rupture  of 
the  surface  of  the  water  and  the  aid  of  the  air  attached.  It 
used  to  be  supposed  that  the  needle  must  be  greased  in  order 
that  it  may  float.  That  idea,  like  the  general  exaggeration  of 
oil  as  a  factor  in  flotation,  has  been  disproved  by  experiment. 

If,  to  water  in  which  mineral  dust  is  floating,  an  addition  of 
alcohol  or  caustic  soda  be  made,  or  even  the  vapor  of  alcohol  be 
allowed  to  play  on  the  surface  of  the  water,  the  mineral  particles 
will  sink."  The  contamination  of  the  water  has  decreased  its 
surface  tension. 

The  bubbles  collect  the  metallic  particles,  that  is  agreed; 
but  whether  the  selection  is  dependent  upon  the  previous  oiling 
is  a  disputed  point.  Apparently  the  adhesiveness  of  air  for 
metallic  surfaces  is  greater  than  that  of  oil,  and  it  would  appear 
probable  that  in  the  flotation  process  the  first  phenomenon 
suffices  without  the  aid  of  the  second.  It  used  to  be  an  accepted 
canon  of  flotation  that  the  oil  coated  the  metallic  particles,  which 
therefore  were  not  'wetted'  and  did  not  sink,  while  the  gangue 
particles  were  not  oiled  and  therefore  were  wetted,  especially  in 
acidulated  water,  so  that  they  sank.  Testimony  has  been  given 
by  a  keen  observer  that  "the  distribution  of  the  oil  in  the  con- 
centrate and  the  gangue  is  entirely  fortuitous."**  It  is  even 
asserted  now  that  instead  of  the  oil  residing  with  the  metallic 
particles  exclusively,  and  leaving  the  gangue  untouched,  it  is  dis- 
tributed throughout  the  mixture.  When  the  larger  proportions 
of  oil  were  employed,  it  is  likely  that  such  promiscuous  oiling  of 
all  the  particles  of  the  pulp  did  take  place,  but  now  that  the 
quantity  has  been  reduced  to  a  proportion  so  small  that  the  pres- 
ence of  oil  on  the  concentrate  is  not  discernible  by  the  senses, 
we  may  assume  a  preference  for  the  metallic  particles  in  accord- 


"Proc.  Royal  Soc.  N.S.W.     Vol.  XXIII,  Part  2,  March  1911. 

i^Betram  Blount,  testifying  for  Minerals  Separation  in  the  Elmore 
Appeal  before  the  Privy  Council.  I  might  add  that  'fortuitous'  is  a  word 
that  describes  other  things  in  the  histor>'  of  flotation  besides  the  oiling. 
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ance  with  laboratory  observation.  This  appears  to  be  confirmed 
by  experiments  showing  that  in  the  case  of  specific  minerals,  such 
as  chalcocite,  it  is  necessary  to  oil  the  mineral  in  order  to  lift 
it  by  an  air-bubble.'^ 

When  using  the,  at  present,  minimum  quantity — say,  one- 
third  of  a  pound  of  oil  per  ton  of  ore — it  would  appear  that  the 
oil  forms  a  coating  of  microscopic  thinness  upon  the  metallic 
particles.  The  minimum  thickness  is  the  thickness  of  a  mole- 
cule.20 

Metallic  surfaces  have  a  selective  adhesion  for  air  and  for 
oil,  as  we  have  seen.  Therefore  the  molecular  forces  of  the  oil 
and  of  the  metallic  surface  may  be  supposed  to  unite  in  attract- 
ing the  bubbles.  What  the  nature  of  those  forces  may  be  is  yet 
a  matter  of  conjecture,  although  the  idea  that  they  are  electro- 
static is  suggested  by  the  fact,  among  others,  that  the  metallic 
sulphides  most  amenable  to  flotation  are  good  conductors  of 
electricity.^' 

The  foregoing  statement  of  physical  principles  applies  more 
particularly  to  the  frothing  method.  The  history  of  the  'prior 
art,'  as  it  is  called  in  patent  litigation,  shows  that  the  first  stage 
of  the  flotation  process  as  now  in  vogue  was  performed  by  the 
use  of  a  large  proportion  of  thick  oil.  This  is  typified  by  the 
bulk-oil  method  of  the  Elmore  brothers.  It  depends  upon  the 
lower  specific  gravity  of  oil  as  compared  with  water,  so  that  when 
mixed  in  a  pulp  of  crushed  ore  the  oil  rises  to  the  top,  dragging 
the  metallic  sulphides  with  it.  This  also  was  explained  formerly 
as  due  mainly  to  the  selective  adhesiveness  of  oil  for  metallic 
surfaces,  which  prevents  them  being  wetted,  while  the  lack  of  a 
similar  afifinity  on  the  part  of  the  gangue  particles  enables  them 
to  be  so  wetted  as  to  cause  them  to  sink  to  the  bottom.  All  of 
this  is  measurably  true,  but  the  underlying  fact  seems  to  be  that 
an  excess  of  viscous  oil  causes  the  oiled  particles  to  adhere  or 
stick  together  so  that  they  are  rafted  to  the  top.  It  is  probable 
that  when  thus  collected  in  groups  they  are  more  readily  floated 


^'Experiments  of  B.  H.  Dosenbach  in  the  Minerals  Separation  v.  Miami 
suit,  at  Wilmington,  1915. 

*°'Oil  Films  on  Water  and  on  Mercury.'  By  Henri  Devaux.  Min.  & 
Set.  Press,  July  31,  1915,  page  156. 

''''The  Electrical  Theory  of  Flotation.'  By  Thomas  M.  Bains  Jr.,  Min. 
&  Sci.  Press,  November  27  and  December  11,  1915. 
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on  account  of  their  ability  to  hold  more  oil,  as  compared  with 
individual  particles,  because  the  oil  fills  the  spaces  between  the 
members  of  a  group. 

The  lighter  oils  have  a  specific  gravity  ranging  from  0.8  to 
0.95,  as  compared  with  the  1.0  of  water,  so  that  the  margin  for 
flotation  is  small.  For  instance,  in  the  case  of  a  mixture  of  an 
oil  having  a  specific  gravity  of  0.9  and  of  zinc-blende,  having  a 
specific  gravity  of  4,  it  is  necessary  to  use  6.7  parts  by  weight  of 
oil  to  one  part  by  weight  of  blende  in  order  that  the  mixture  may 
have  a  specific  gravity  equal  to  that  of  water.  Thus  an  ore  con- 
taining 20%  blende,  or  400  lb.  per  ton,  would  require  the  use 
of  over  2680  lb.  of  oil  in  order  to  float  all  the  blende  in  the  ore. 

In  true  bulk-oil  flotation,  which,  as  a  matter  of  fact,  was 
rarely  performed,  the  phenomenon  of  surface  tension  does  not 
play  a  prominent  part.  It  is  mainly  a  question  of  raising  a 
mineral  heavier  than  water  by  aid  of  a  liquid  lighter  than,  and 
not  soluble  in,  water.  The  emulsification  of  the  oil  was  carefully 
avoided  by  Elmore.  In  the  later  phases  of  flotation,  in  which 
the  proportion  of  oil  becomes  steadily  less,  it  is  aimed  to  emulsify 
the  oil  and  air.  The  oil  produces  a  'micro-emulsion  of  air,'  as 
Leverrier  expressed  it.  Thus  the  air  is  thoroughly  distributed 
in  the  pulp  and  the  oil  is  brought  into  intimate  mixture  with  the 
water,  which  is  thereby  modified  and  prepared  for  the  making  of 
persistent  bubbles. 

The  Processes. — The  application  of  the  various  physical  prin- 
ciples outlined  in  the  foregoing  paragraphs  has  taken  diverse 
forms,  as  expressed  in  scores  of  inventions,  only  a  few  of  which 
have  been  developed  into  workable  processes. 

The  phenomenon  of  surface  tension  is  used  directly  in  the 
so-called  skin-flotation  methods  of  Hezekiah  Bradford,  Arthur 
P.  S.  Macquisten,  and  Henry  E.  Wood.  In  the  first  of  these, 
invented  in  1886,  the  pulp  flows  down  an  inclined  plane  onto  the 
quiet  surface  of  water  in  a  vessel,  so  that  the  sulphide  particles 
float  forward  under  the  impetus  of  their  descent  while  the  gangue 
particles  sink.  (See  Fig.  2).  The  explanation  is  that  sulphides, 
by  exposure  to  the  atmosphere,  attach  films  of  air  to  themselves, 
so  that  they  are  not  wetted  and  move  over  the  so-called  water- 
skin,  while  the  gangue,  which  has  remained  wet  throughout  the 
operation,  sinks  through  the  surface  to  the  bottom  of  the  vessel. 
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Macquisten  applied  the  same  idea  in  a  tube  cast  with  a 
helical  groove  and  revolved  at  a  moderate  speed.  In  1906  this 
method  was  adopted  in  the  Adelaide  mill,  at  Golconda,  Nevada. 
The  ore  contained  2.2%  copper  as  chalcopyrite,  with  pyrrhotite 


H.  BRADFORD. 
'METHOD  OF  SAVING  FLOATINO  MATERIALS  IN  ORE  SEPARATION, 

No.  345,951.  Patented  July  20.  1886 


Fig.  2 
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and  pyrite,  as  well  as  some  blende  and  galena.  The  gangue  was 
quartzose,  containing  spinel  and  garnet.  The  tubes  were  of  cast- 
iron,  6  ft,  long,  1  ft.  inside  diameter,  and  each  weighed  450  lb. 
(See  Fig.  3).  Externally  these  tubes  were  cast  with  two  tires, 
which  rested  upon  supporting  rollers.  The  discharge-end  was 
entirely  open.  The  feed-end  was  closed  except  for  a  hole  in  the 
centre  large  enough  to  admit  the  pipe  through  which  the  pulp 


Fig.  3 — •The  Macquinsten  Tube 


entered.  Internally  the  tube  was  cast  with  a  helical  groove  of 
f-inch  pitch,  which  was  changed  subsequently  to  1^-inch  pitch. 
The  discharge-end  was  connected  with  a  separating-box,  the 
joint  between  this  and  the  tube  being  water-tight,  while  the  tube 
was  free  to  revolve.  At  the  side  of  the  separating-box,  directly 
opposite  the  discharge  from  the  tube,  an  opening  or  lip  was  cut 
for  the  overflow  of  the  surface  layer  of  water,  carrying  the  float- 
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ing  mineral.  This  opening  regulated  the  depth  of  water  in  the 
tube.  The  bottom  of  the  opening  was  three  inches  above  the 
inside  bottom  of  the  tube,  so  that  there  was  three  inches  of  water 
in  the  tube;  the  feed  and  the  discharge  were  so  regulated  that  the 
water  passing  over  the  lip  was  about  ;-To-inch  deep.  The  tube 
was  rotated  at  30  r.p.m.  in  a  direction  corresponding  with  the 
helix  of  the  interior.  As  Mr.  Ingalls  said:^^  "The  pulp  is  thus 
screwed  through  the  tube  and  in  its  advance  is  repeatedly  given 
an  opportunity  to  slide  upon  the  surface  of  the  water,  where  it 
may  be  retained  by  surface  tension."  The  ore  was  crushed  to 
pass  30-mesh.  The  capacity  of  each  tube  was  5  tons  per  24 
hours,  and  25  tubes  were  in  use.  A  concentration  of  11:1  was 
efifected  on  a  2.2%  copper  ore,  the  tailing  assaying  0.2%;  but 
this  refers  only  to  the  deslimed  ore,  that  is  70%  of  the  supply, 
so  that  the  actual  extraction  was  only  63%.  The  inability  to 
treat  slime  was  a  notable  defect  of  this  ingenious  method  of 
flotation. 

Wood's  method  is  equally  interesting.  The  ore  is  crushed 
dry  to  30  or  40  mesh  and  is  then  fed  in  a  thin  stream  from  a 
vibrating  plate  onto  the  surface  of  water  in  a  tank  to  the  surface 
of  which  a  forward  movement  is  given  by  small  jets,  also  of 
water.  By  a  combination  of  the  capillary  attraction  and  the 
pressure  of  a  constant  feed,  the  sulphides  are  caused  to  move 
forward  as  a  definite  elastic  film  on  top  of  the  water.  This  film 
of  mineral  passes  over  an  endless  canvas  belt,  which  emerges 
from  the  tank  at  a  particular  angle,  varied  according  to  the  kind 
of  mineral  to  be  saved.  The  belt  with  its  film  of  sulphides  passes 
over  three  rollers  so  that  its  motion  is  reversed  when  it  strikes 
the  water-level  of  a  second  tank,  where  it  releases  its  valuable 
burden. ^^  Very  little  gangue  in  suspension  comes  over,  as  the 
water  drains  back  into  the  main  tank.  Any  submerged  particles 
that  have  been  accidently  wetted  or  are  so  heavy  that  they  have 
penetrated  the  surface-film,  pass  to  standard  concentration 
tables,  on  which  they  are  separated  by  gravity  in  the  ordinary 
way.     In  the  case  of  molybdenite  and  graphite,   the  film-con- 


^^The  whole  of  the  above  description  is  taken  from  the  admirable  tech- 
nical description  by  W.  R.  Ingalls  in  'Concentration  Upside  Down.' — Eng. 
&  Min.  Jour.,  October  26,  1907. 

*'From  particulars  given  to  me  by  Mr.  Wood  himself.  See  also  Trans. 
A.I.M.E.,  Vol.  XLIV  (1912),  pp.  684-701. 
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centrate  is  still  further  cleaned  by  being  passed  over  a  nearly 
vertical  screen.  Gangue  in  suspension  passes  through,  while  the 
flat  crystals  of  the  valuable  minerals  slide  over  the  screen,  which 
largely  dewaters  them.  The  flotation  concentrate  is  collected 
and  dried  as  usual.     (See  Fig.  4.) 
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Fig.  4 — Wood's  Machine 


Mr.  Wood  is  using  his  own  process  to  commercial  advantage 
in  the  treatment  of  molybdenite  ore,  at  Denver.  The  Macquisten 
tube  is  still  in  use  at  Mullan,  Idaho;  but  the  Bradford  patent  is 
only  of  academic  interest.    These  methods  have  been  confused 
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with  the  more  recent  flotation  processes;  they  ought  to  be  differ- 
entiated. I  suggest  therefore  that  they  be  classed  under  'film- 
suspension,'  for  it  may  be  taken  that  in  every  case  the  sulphides 
are  carried  with  air  over  the  tensional  film  on  the  surface  of  the 
water. 

Incidentally,  it  may  be  well  to  point  out  that  although  it 
i=  convenient  to  speak  of  the  'water-skin,'  and  of  'skin-flotation,' 


Fig.  5 — Sulphide  Corporation  Re-treatment  Plant,  Broken  Hill,  May  1910 

the  use  of  either  'skin'  or  'film'  is  inaccurate.  A  skin  is  a  thing 
of  definite  thickness,  which  therefore  can  be  'peeled'  off,  like  the 
epidermis,  for  example.  The  phenomenon  of  surface  tension 
involves  nothing  of  the  kind.  It  refers  to  a  condition  of  molecular 
forces  at  the  surface  of  a  liquid,  the  effect  of  which  can  be  only 
one  molecule  thick.  Thus,  'water-skin'  and  'skin-flotation'  stand 
for  water-surface  and  surface-suspension. 
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Neither  Bradford  nor  Wood  uses  oil  or  acid,  but  in  tiie  later 
applications  of  the  Macquisten  tube  both  have  been  introduced. 
As  the  ore  contains  carbonates  that  would  react  with  the  sul- 
phuric acid  so  as  to  liberate  carbon  dioxide  gas,  it  is  obvious  that 
another  factor  is  introduced,  namely,  ths  bubble  idea,  which 
has  proved  so  potent  in  the  most  recent  phase  of  flotation.  The 
further  addition  of  oil  marks  a  distinct  departure  from  the  first 
idea  of  the  inventor,  causing  the  process  to  resemble  those  of 
Potter,  Delprat,  and  De  Bavay. 

The  methods  of  these  three  Australians  were  alike  designed 
to  treat  Broken  Hill  tailings,  containing  zinc-lead  sulphides  in  a 
gangue  composed  partly  of  carbonates,  notably  calcite,  siderite, 
and  rhodochrosite.  Charles  V.  Potter  used  water  containing 
from  1  to  10  percent  sulphuric  acid,  which  was  added  to  crushed 
ore  placed  in  a  vessel  (See  Fig.  6)  provided  with  stirrers  (B'  the 
shaft  and  B  the  arms).  Heat  was  then  applied  by  gas  (3); 
whereupon  the  metallic  particles  rose  to  the  surface  of  the  liquid. 
It  has  been  said  that  "it  is  clear  that  he  (Potter)  had  in  view  a 
surface-tension  process."^*  If  this  is  meant  as  a  reference  to  the 
film-flotation  method,  say,  of  Bradford,  it  is  incorrect.  Surely, 
Potter  used  bubble-levitation  as  his  principal  effect.  The  gas 
generated  by  the  action  of  the  acidulated  water  on  the  car- 
bonates joined  with  the  air  entrained  by  the  ore  is  furnishing 
gas  for  making  bubbles,  this  result  being  assisted  further  by  the 
stirring  of  the  pulp  and  the  heating  of  it. 

G.  D.  Delprat  had  an  apparatus  suggesting  the  employment 
of  the  film-suspension  effect,  but  he  also  used  chemicals  to  induce 
flotation.  (See  Fig.  7.)  By  the  addition  (through  the  pipe  5) 
of  a  hot  solution  of  acid  salt-cake  to  the  crushed  ore  as  it  was 
fed  (from  the  chute  1)  upon  a  pan  having  a  sloping  bottom  (4) 
heated  by  a  Bunsen  burner  (14),  the  sulphides  were  made  to 
rise  to  the  surface  of  the  vessel  (at  3,  passing  forward  along  13), 
while  the  gangue  collected  in  a  sump  (10).  In  this  case  also  the 
flotation  was  the  result  of  forming  bubbles  of  carbon  dioxide  gas 
and  of  air  by  chemical  action  and  heat. 

Auguste  J.  F.  de  Bavay  described  a  process  in  which  a  thin 
stream  of  freely  flowing  pulp  was  delivered  upon  the  surface  of 
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^'Concentrating  Ores  by  Flotation.'     Page  9. 
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No.  776.146.  PATENTED  NOV.  29,  1904. 
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PROCESS  OF  SEPARATING  METALS  FROM  SULFID  ORES. 
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Fig.  6 
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a  vessel  of  water,  after  the  style  of  Bradford.  The  description 
of  the  method  as  used  subsequently  on  the  North  Broken  Hill 
mine  does  not  correspond  with  this,  for  in  that  plant  the  mill- 
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y».  783,663.  PATENTED  JUNE  38.  1904. 

G.  B.  DELPRAT. 

APPARATUS  FOR  USE  IN  CERTAIN  PROCESSES  OF  EXTRACTING  SULFIDS 

FROM  ORES. 
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Fig.  7 


tailing,  relieved  of  slime,  is  said^^  to  have  been  fed  into  a  vessel 
provided  with  a  mixing  device,  run  at  a  high  speed,  so  as  to 
agitate  the  acidulated  pulp.     The  sulphides  rose  to  the  surface. 

"^^Ihid.     Page  115. 
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much  in  the  same  way  as  in  the  preceding  methods  of  Potter 
and  Delprat.  That  of  Potter  was  used,  in  a  modified  form,  at 
the  Block  14  mine  at  Broken  Hill  in  1905  and  1906,  while  the 
Delprat  process  has  been  in  use  for  several  years  successfully  at 
the  Broken  Hill  Proprietary  mine.  It  is  proper  to  add,  however, 
that  all  of  these  acid-flotation  methods  are  now  only  of  academic 


No.  676,679. 
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Fig.  8 


interest.  In  the  chief  applications  of  these  processes  it  has  not 
been  customary  to  use  oil,  but  as  the  material  treated  came  from 
old  dumps  of  tailing  it  may  be  assumed  that  there  was  some 
substance  present  capable  of  modifying  the  water  sufficiently.^^ 


^*This  suggestion  is  made  by  Mr.  Hoover  in  his  book.  On  page  101  he 
says  that  "there  may  be  organic  substances  in  the  ore  which,  upon  the  addition 
of  acid,  yield  gummy  compounds  that  selectively  adhere  to  the  ore."  By 
'ore'  here  he  probably  means  'sulphides,'  that  is,  the  blende  and  galena. 
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The  first  application  of  any  of  the  oil-flotation  processes  on 
a  working  scale  in  a  mill  was  that  made  at  the  Glasdir  mine,  near 
Dolgelly,  in  Wales,  by  Francis  E.  Elmore  in  1899.  The  mixture 
of  crushed  ore  and  water  was  fed"  at  the  upper  end  of  a  slowly 
revolving  drum,  provided  with  annular  helical  ribs  and  trans- 
verse blades,  so  as  to  effect  the  mixing  of  the  pulp  and  the  oil 
without  producing  emulsification.  (See  Fig.  8.)  The  oil  was 
introduced  through  a  separate  pipe.  The  mixture  was  dis- 
charged into  a  V-shaped  vessel,  where  the  water  and  sand  sub- 
sided while  the  oil  buoyed  the  sulphides  to  the  top.  An  oil- 
residuum  having  a  specific  gravity  of  0.89  was  used  in  equal 
parts  by  weight  with  the  ore,  ton  for  ton.  The  oil  was  so  viscous 
as  to  require  the  aid  of  small  rotary  pumps  to  propel  it  forward. 
The  temperature  of  the  oil  and  water  was  kept  between.  54  and 
57.  F.  The  loss  of  oil  was  2  gallons  per  ton  of  ore.  A  concen- 
tration of  14:1  was  achieved  with  a  recovery  (in  the  concentrate) 
of  69  per  cent  of  the  gold,  65  per  cent  of  the  silver,  and  70  per  cent 
of  the  copper  from  a  pyritic  and  chalcopyritic  ore  assaying  1.12 
per  cent  copper,  0.049  oz.  gold,  and  0.8  oz.  silver  per  long  ton. 
The  process  was  described  as  "a  somewhat  dirty  and  nasty  pro- 
cess". It  did  not  work  on  oxidized  or  earthy  ores,  nor  upon 
tarnished  sulphides. 

In  the  course  of  the  discussion  following  the  reading  of  the 
paper  by  Mr.  Rolker  from  which  these  facts  are  gleaned,  it  was 
acknowledged  that  the  process  developed  by  Mr.  Elmore  was 
based  on  previous  experimental  work  done,  at  the  same  mine, 
by  George  Robson,  who  used  petroleum  in  even  larger  propor- 
tion, as  much — I  have  been  informed — as  three  tons  of  oil  to  one 
of  ore.  But  the  most  interesting  fact  elicited  by  the  discussion 
was  the  statement  made  by  Mr.  Elmore,  and  confirmed  by  the 
superintendent  of  the  mill,  John  Bevan,  that  the  actual  load  of 
mineral  carried  by  the  oil  was  25  per  cent,  as  against  the  theoreti- 
cal load  of  10  per  cent  inferred  by  Mr.  Rolker.  In  short,  the  oil 
did  150  per  cent  more  than  anybody  could  explain.  The  "prior 
art"  was  in  the  dark,  but  the  posthumous  art  of  today  can  make 
a  confident  guess.  Of  course,  the  larger  part  of  the  levitation 
was  done  by  air,  entangled  previously  in  the  ore  particles  and 


"Charles  M.  Rolker.     'Notes  on  the  Elmore  Concentration  Process.* 
Trans.  Inst.  M.  &  M.,  Vo.  VIII  (1899-1900),  pp.  379-384. 
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Fig.  9.     The  Sulitelma  plant. 
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entrained  subsequently  during  the  mixing  of  the  pulp  with  the 
oil  in  the  drum.  Later  investigators  can  testify  how  difficult  it 
is  to  prevent  the  indrawing  of  air  under  such  circumstances. 
Therefore  even  in  this  beginning  of  flotation  as  a  practical  pro- 
cess the  agency  of  air  was  utilized,  although  unwittingly.  Four 
years  later  Walter  McDermott,  who  has  been  a  consistant  sup- 
porter of  the  Elmore  brothers  in  their  flotation  business,  acknow- 
ledged that  "the  agitation  with  the  pulp  results  iri  the  oil  taking 
up  a  very  appreciable  quantity  of  air."^^ 

This  fact  was  not  recognized  at  first,  but  in  1904,  six  years 
after  the  first  bulk-oil  patent  of  1898,  Francis  E.  Elmore  took 
out  his  patent  for  vacuum-oil  flotation.  In  this  he  subjected 
the  oiled  and  acidulated  pulp  to  a  vacuum,  thereby  releasing 
the  air  dissolved  in  the  water.  The  air  thus  held  in  solution 
amounts  to  2.2  per  cent  by  volume,  at  sea-level  and  at  60**  F. 
By  lowering  the  pressure  and  raising  the  temperature  this  air 
is  released,  thereupon  attaching  itself,  in  the  form  of  bubbles, 
to  the  oiled  sulphide  particles,  which  rise  to  the  surface.  For 
example,  the  air  in  a  pulp  of  1  ton  of  ore  to  6  of  water  suffices 
to  lift  360  lb.  of  zinc-lead  sulphides  in  a  Broken  Hill  ore.^'  In 
actual  practice,  however,  the  weight  of  sulphides  floated  is  con" 
siderably  greater  than  the  theoretical  capacity,  as  based  on  the 
efficacy  of  the  air  released  from  solution  in  the  water.  Part  of 
the  work  is  done  by  the  gaseous  carbon  dioxide  liberated  by  the 
reaction  between  the  acid  and  the  carbonates,  such  as  calcite, 
either  in  the  gangue  or  added  in  the  form  of  limestone.  Part  of 
it  is  entangled  in  the  ore  particles  and  part  of  it  is  entrained  into 
the  pulp  during  mixing.  In  this  process  the  quantity  of  oil 
added  to  the  pulp  was  reduced  to  10  lb.  per  ton  and  finally,  in 
some  cases,  to  as  little  as  3  lb.  per  ton  of  ore.  The  machine  de- 
vised by  Elmore  was  remarkably  ingenious  and  to  it  the  effi- 
ciency of  the  process  was  largely  due.  It  was  applied  success- 
fully at  many  mines,  notably  the  Sulitelma  copper  mine,  in 
Norway.^"     (See  Fig.  9.) 


*^'The  Concentration  of  Ores  by  Oil.' — Eng.  &  Min.  Jour.,  February 
14,  1903,  page  262. 

'"T.  J.  Hoover.     'Concentrating  Ores  by  Flotation.'     Page  102. 

^"'Vacuum-Concentration  at  Sulitilma.' — Holm  Holmsen  and  H.  N. 
Rees.     The  Mining  Magazine,  May  1910. 
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The  Potter-Delprat  and  the  Elmore  vacuum  processes  are 
clearly  based  on  the  activity  of  bubbles  of  carbon  dioxide  or  air, 
or  both.  Next  mention  must  be  made  of  Alcide  Froment,  who, 
although  he  was  not  the  inventor  of  a  working  process,  intro- 
duced the  idea  of  violent  agitation  for  the  purpose  of  producing 
bubbles  of  gas  rapidly  from  a  pulp  containing  both  calcite  and 
acid.  While  he  looked  to  carbon  dioxide  as  the  gas  from  which 
to  make  his  bubbles,  he  did  undoubtedly  entrain  lots  of  air  and 
obtained  the  use  of  it  in  generating  the  bubbles  that  attached 
themselves  to  the  oiled  particles.  He  did  not  recommend  much 
oil:  only  "a  thin  layer".  In  his  later  instructions  to  the  Minerals 
Separation  company,  which  bought  his  British  patent  in  1903, 
he  specified  that  the  oil  was  to  be  from  1  to  3^  per  cent  on  the  ore. 

The  next  method  was  that  invented  by  Arthur  E.  Catter- 
mole,  also  in  1902.  It  was  to  buy  his  patents  that  the  Minerals 
Separation  company  was  organized  in  1903  by  John  Ballot,  J.  H. 
Curie,  W.  W.  Webster,  S.  Gregory,  H.  L.  Sulman,  and  H.  F.  K. 
Picard.  Cattermole  departed  from  the  prior  art.  Instead  of 
floating  the  sulphides,  he  sank  them,  whih  the  gangue  was 
assisted  to  rise  in  an  upward  current  of  water.  He  added  oil  in 
the  proportion  of  4  to  6  per  cent  "of  the  weight  of  metalliferous 
mineral  present  in  the  ore",  together  with  2  per  cent  of  soap,  so 
as  to  obtain  an  agglomeration  of  flocculent  sulphide  particles 
which,  being  heavily  oiled,  stuck  to  each  other,  in  groups  or 
granules  that  sank  to  the  bottom.  He  used  a  Gabbett,  or  cone 
mixer,  to  obtain  a  violent  agitation  of  the  pulp,  and  followed  it 
by  a  gentler  stirring  during  which  the  separation  into  'shotty 
granules'  was  effected  in  the  presence  of  as  little  air  as  possible. 

This  process  was  only  put  to  work  in  one  mill,  on  the  Central 
mine  at  Broken  Hill,  where  it  must  have  seemed  a  metallurgical 
abortion  during  the  very  short  time  it  was  in  use.  The  oil  was 
emulsified  with  soft  soap  and  then  fed  into  the  mixers,  where 
the  crushed  ore  underwent  agitation  with  acidulated  water. 
From  the  very  start  a  considerable  proportion  of  mineral  was 
floated  on  the  froth  incidental  to  violent  mixing  in  the  presence 
of  air.  Apparently  only  a  part  of  the  sulphides  was  'granu- 
lated,' so  as  to  sink  according  to  programme.  The  remainder  was 
floated  unintentionally.  The  description  given  by  the  manager, 
James  Hebbard,  indicates  that  he  and  his  staff  stumbled  upon 
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the  so-called  agitation-froth  process  almost  immediately.  He 
records'^  how  he  discovered  that  more  froth  was  made  by  using 
less  oil,  and  that  the  frothing  and  floating  proved  a  better  method 
than  the  granulating  and  sinking  of  the  sulphide  particles.  He 
also  states  that  the  discovery  was  made  concurrently  by  the 
metallurgists^^  of  the  Minerals  Separation  company  in  the  London 
laboratory.  They  hit  upon  the  same  idea  by  varying  the 
quantity  of  oil,  in  March  1905,  so  we  are  told.  Yet  the  plant 
at  the  Central  mine  was  allowed  to  start  on  the  Cattermole  pro- 
cess in  July.  Successful  tests  with  the  frothing  process  were  not 
made  until  September,  the  proportion  of  oil  being  reduced  from 
3  percsnt  when  granulating  to  between  0.15  and  0.2  percent 
when  frothing.  The  plant  was  gradually  changed  until  gran- 
ulation was  completely  ousted,  by  decreasing  the  quantity  of 
oil  and  increasing  the  violence  of  agitation.  The  ore  from  the 
mixers  was  passed  with  "a  good  splash"  into  spitzkasten,  thereby 
accentuating  the  need  for  aeration. 

So  the  failure  of  the  Cattermole  method  is  stated  to  have 
led  to  the  Minerals  Separation  process  of  today,  the  proprietary 
rights  to  which  are  based  primarily  on  U.  S.  patent  No.  835,120, 
dated  May  29,  1905.  This  is  a  process  "wherein,  by  the  use 
of  a  frothing  agent,  and  in  the  presence  of  such  agitation  as  will 
maintain  or  produce  distribution  of  the  ore  particles  through 
the  pulp,  and  dissemination  of  bubbles  of  air  through  the  pulp 
and  into  contact  with  the  metallic  particles  through  the  pulp, 
the  air  bubbles  will  seize  the  metallic  particles  and  will  carry 
them  to  and  through  the  surface  of  the  pulp,  so  as  to  permit  of 
their  delivery  at  or  above  the  surface  of  the  pulp  separate  from 
the  gangue  particles."  This  description  is  taken  from  the  com- 
plainant's brief  in  the  suit  of  Minerals  Separation,  Limited,  v. 
Miami  Copper  Company,  1915.  It  is  further  explained  that 
in  this  process  "the  frothing  agent  is  an  oil  or  immiscible  liquid, 
and  the  discovery  was  that  this  mode  of  operation  in  the  con- 
centration of  ores  was  attainable  with  small  quantities  of  oil, 
quantities  so  small  that  although  the  oil  coated  the  metallic 
particles  in  the  exercise  of  the  well  known  preferential  affinity 


"'Flotation  at  the  Central   Mine,   Broken   Hill.'     By  James  Hebard. 
Mtn.  &*  Set.  Press,  September  4,  1915. 

"The  actual  operator  was  Arthur  H.  Higgins. 
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of  oils  for  metallic  substances,  the  coating  was  so  minute,  so 
nearly  infinitesimal,  that  the  oil  disappeared  from  sight  and 
sense.  In  this  process  the  oil  coats  the  metallic  particles,  modifies 
the  water  so  as  to  produce  minute  'and  persistent  air-bubbles, 
and  increases  the  attraction  of  the  metallic  particles  for  the  air- 
bubbles;  and  the  persistency  of  the  air-bubbles  is  such  that  the 
air-bubbles  cling  to  the  metallic  particles  and  carry  them  to  and 
through  the  surface  of  the  pulp,  and  when  the  air-bubbles  escape 
from  their  water  environment  in  the  body  of  the  pulp  and  are 
exposed  at  or  above  the  surface  of  the  pulp,  their  water-films 
carrying  a  mineral  load  are  maintained  intact  until  at  least  their 
separation  from  the  body  of  the  pulp  has  been  effected,  by  over- 
flowing or  otherwise.  The  air-bubbles  with  their  mineral  load 
form  a  froth  floating  upon  the  surface  of  the  pulp,  which,  if 
allow^ed  to  remain  there  in  a  quiescent  condition  will  float  for 
days  and  weeks.  This  froth  has  therefore  been  properly  called 
a  persistent  or  permanent  froth.  It  will  always  form  a  coherent 
mass  of  bubbles  pressed  against  each  other  and  frequently 
several  inches  in  thickness." 

This  description,  lacking  adequate  punctuation,  as  is  usual 
in  legal  statements,  may  be  accepted  as  official,  being  the  pro- 
duct of  a  joint  effort  on  the  part  of  counsel  and  experts  repre- 
senting Minerals  Separation  in  the  lawsuit  at  Wilmington.  In 
the  basic  patent.  No.  835,120,  the  proportion  of  oil  is  given  as 
"a  fraction  of  1%  on  the  ore."  W.  H.  Ballantyne,  patent 
lawyer  for  Minerals  Separation,  testified,  in  the  Hyde  suit, 
that  "an  ideal  standard  for  the  agitation-froth  process  is  1|  to 
2  lb.  oil  per  ton  of  ore."  Much  less  is  used  now  in  the  big  mills 
of  the  copper  mining  companies. 

The  process  was  first  introduced  on  a  working  scale  in  the 
Central  mill  of  the  Sulphide  Corporation,  at  Broken  Hill,  as 
already  mentioned.  Two  years  later,  in  1907,  it  was  adopted 
by  the  Zinc  Corporation,  to  be  discarded  during  1909  in  favour  of 
the  Elmore  vacuum  process,  and  to  be  restored  again  to  favour 
in  1911.     (See  Fig.  5.) 

The  next  important  application  was  made  in  1912  at  the 
Braden  copper  mine,  in  Chile,  where  a  200-ton  plant  was  erected. 
The  extraction  of  copper  (as  a  concentrate)  was  80  to  85%. 
But  when  a  larger  mill  of  two  600-ton  units  was  built  the  re- 


30  Flotation  Process — Rickard 

covery  became  poor,  being  no  better  than  it  had  been  in  the  old 
water -concentration  mill,  namely,  about  65%.  Whereupon 
the  oil  was  added  to  the  ore  in  the  tube-mill  and  the  extraction 
improved  at  once.  The  mill  has  since  been  enlarged  to  seven 
600-ton  units,  now  treating  3500  tons  per  day.^  The  extraction 
last  year  was  77%. 

In  February,  1915,  the  Anaconda  Copper  Mining  Company 
took  a  license  from  Minerals  Separation,  and  at  that  time  also 
the  Inspiration  Consolidated  Copper  Company  made  an  agree- 
ment for  the  same  purpose.  Both  companies  built  large  mills  for 
the  operarion  of  the  process  during  last  year.'*  The  Anaconda 
now  treats  12,000  tons  and  the  Inspiration  10,000  tons  of  ore 
daily  by  flotation. 

The  first  mining  company  in  America  to  ignore  the  Minerals 
Separation  patents  was  the  Butte  &  Superior,  in  Montana.  Under 
the  technical  guidance  of  James  M.  Hyde,  this  company  built 
a  150-unit  in  their  mill  during  1912.  This  provoked  the  first 
test  case'^  which  is  now  before  the  Supreme  Court  of  the  United 
States. 

Other  companies  charged  with  infringement  are  the  Utah 
Copper,  Nevada  Consolidated,  Magma  Copper,  and  the  Miami. 
The  first  three  use  the  Janney  machine  and  the  last  one  the 
Callow  pneumatic  launder.  In  each  case  it  is  stated  that  the 
Minerals  Separation  machine — in  which  violent  agitation  is 
effected  by  blade-impellers — ^was  tried  first  and  then  discarded 
as  ineffective.  The  pneumatic  flotation  plant  at  Miami  was 
commenced  in  August,  1914,  and  remodeled  in  the  early  part  of 
1915.  Suit  for  infringement  was  brought  at  once  by  Minerals 
Separation,  the  trial  commencing  on  March  29  and  ending  on 
May  27,  1915. 

As  applied  at  Miami  the  flotation  process  is  simplified  by  the 
use  of  a  launder  having  a  canvas  bottom  through  which  air  is 
forced  under  pressure.  This  gives  the  gas  required  for  the  gener- 
ation of  bubbles  in  a  pulp  previously  modified  by  the  addition 


33'The  Braden  MiW.'—Min.  &f  Set.  Press,  December  18,  1915. 

^^'Flotation  at  the  Inspiration  Mine,  Arizona.' — Min.&  Sci.  Press,  ]u\y 
3,  1915.  Also  'Flotation  at  the  Washoe  Reduction  Works,  Anaconda.'  By 
E.  P.  Mathewson.— Afin.  &■  Sci.  Press,  August  28,  1915. 

'^Minerals  Separation,  Limited,  and  Minerals  Separation  American 
Syndicate,  Limited,  v.  James  M.  Hyde. 
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of  oil,  which  is  mixed  with  the  ore  while  being  pumped  into  a 
Pachuca  tank,  or  Brown  agitator,  where  it  undergoes  further 
cmulsification  before  entering  the  Callow  launder  constituting 
the  flotation-cell.  It  is  claimed  that  the  froth  produced  in  this 
way  is  different  from  that  made  in  the  mechanical  mixer  of 
the  Minerals  Separation  machine.  In  the  one  case,  according  to 
R.  C.  Canby,  the  froth  consists  of  a  mass  of  delicate,  fragile, 
and  evanescent  bubbles,  which  rise  to  the  surface  in  rapid  suc- 
cession and  maintain  a  froth  only  because  they  are  being  gen-, 
erated  slightly  faster  than  they  break,  so  that  the  uppermost 
layer  overflows,  with  its  burden  of  mineral,  over  the  lip  of  the 
vessel.  In  the  other  case  the  froth  is  said  to  be  "thick,  coherent, 
and  persistent,"  as  Mr.  Picard  phrased  it.  "It  appears  as  if  the 
minerals  were  protecting  the  tender  air-bubble  like  an  armour, 
and  instead  of  destroying  it,  were  actually  guarding  it.  The 
froth  has  a  long  life.  I  have  myself  seen  a  froth  standing  for  24 
hours  without  the  least  change  having  taken  place."  So  testified 
Dr.  Adolf  Liebmann.  Mr.  Ballantyne  stated  that  this  agitation- 
froth  of  the  Minerals  Separation  machine  was  so  dense  that  it 
would  support  a  spade.  Mr.  Canby  showed  that  the  air-froth 
of  the  Callow  machine  would  not  support  a  match-stem. 

From  the  foregoing  summary  it  is  clear  that  three  processes 
are  covered  by  the  general  term  'flotation,'  and  that  to  clarify 
the  discussion  of  the  subject  it  will  be  well  to  distinguish  between 

1.  Film-suspension,  as  in  the  Wood  and  Macquisten 
methods. 

2.  Oil-flotation,  as  in  the  Robson  and  Elmore  bulk-oil 
methods. 

3.  Bubble-levitation,  as  in  the  Elmore  vacuum,  Delprat, 
Froment,  and  Sulman-Picard  methods. 

The  third  class  can  be  further  sub-divided  according  as 
carbon  dioxide  or  air  is  the  principal  gas  utilized  for  making 
bubbles.  Finally,  the  air-bubble  methods  can  be  classified 
according  to  the  way  in  which  the  air  is  introduced: 

(1)  From  the  bottom  of  the  vessel,  as  in  the  Callow  and 
Owen  cells. 

(2)  By  being  entrained  or  dragged  into  the  pulp  by  the 
beating  of  paddles  or  some  other  form  of  impeller,  as  in  the 
Gabbett  and  Hoover  mixers. 
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(3)  By  escape  from  solution  in  water,  as  in  the  Elmore 
vacuum  machine  and  the  Norris  apparatus. 

It  remains  to  emphasize  the  fact  that  from  the  high  ratio  of 
3  tons  of  oil  per  ton  of  ore  the  proportion  of  oil  used  in  flotation 
has  decreased,  by  reason  of  the  recognition  of  the  part  played 
by  air,  to  one- third  of  a  pound  per  ton  of  ore;  that  is,  one  eigh teen- 
thousandths  of  the  quantity  used  by  Robson.  Concurrently  the 
acid  used  has  decreased  to  a  minus  quantity,  namely,  alkalinity. 

Patents. — This  is  the  part  of  the  subject  of  which  we  have 
heard  the  most;  indeed,  until  recently  the  literature  of  the  flota- 
tion process  was  closely  identified  with  the  records  of  patent 
litigation.  That  is  why  the  scientific  principles  are  as  yet  so 
little  understood  and  the  technology  of  the  process  has  made 
such  scanty  progress.  The  aim  of  a  patent  specification  is  to 
disclose  just  enough  to  prove  originality.  In  many  cases  this 
has  been  done  to  the  apparent  satisfaction  of  the  Examiner  of 
Patents  without  conveying  all  the  facts  essential  to  a  clear  under- 
standing of  the  operations  involved.  The  description  given  in  a 
modern  patent  is  cryptic;  it  is  couched  in  a  quasi-legal  jargon 
that  assists  obfuscation.  I  refer  to  processes  only,  for  the  dis- 
putes over  flotation  patents  have  arisen  over  methods,  not 
machines.  The  apparatus  required  had  already  been  used  in 
other  branches  of  wet  metallurgy,  so  that  we  have  been  spared 
one  source  of  trouble,  at  least. 

The  litigation,  which  is  now  a  serious  obstacle  to  the  free 
development  of  the  process,  has  arisen  largely  from  confusion 
of  ideas  as  to  the  underlying  causes  of  flotation.  The  patentees 
did  not  understand  the  phenomena  with  which  they  played. 
Those  to  whom  they  sold  their  patents  knew  even  less.  The 
interpretations  of  attorneys  and  judges  have  elucidated  the  law 
but  confused  the  physics.  No  clear  adjudication  of  rights  is 
possible  so  long  as  claims  and  counter-claims  are  based  on  an 
ignorance  of  the  rationale  of  the  process. 

As  the  flotation  process  of  today  is  essentially  that  of  mak- 
ing a  mineral-buoying  froth  in  modified  water,  it  is  not  neces- 
sary for  me  to  make  further  reference  to  the  patents  granted  for 
the  use  of  purely  surface-tension  effects.  It  would  seem  per- 
missible also  to  omit  further  consideration  of  the  bulk-oil  meth- 
ods, but,  as  a  matter  of  fact,  none  of  these  operated  without 
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the  aid  of  air,  although  the  patentees  were  quite  unaware  of  it, 
and  it  was  from  these  bulk-oil  methods  that  the  frothing  process 
was  developed  fortuitously. 

The  first  patent  for  the  use  of  oily  substances  and  coal-tar 
products  in  the  concentration  of  ores  was  that  granted  to  William 
Haynes,  an  Englishman,  in  1860;  but  this  is  now  only  of  academic 
interest.  Next  comes  the  patent  of  Carrie  J.  Everson,  dated 
August  24,  1886,  the  application  having  been  filed  on  August  29, 
1885.^^  The  Everson  patent  refers  to  the  selective  action  of 
oil  for  "metallic  substances"  and  the  increase  caused  in  that 
selectiveness  by  the  addition  of  acid.  The  pulp  is  stirred  so  as 
to  bring  "the  mineral"  in  contact  with  the  oil  and  acid,  producing 
"a  stiff  mass."  The  use  of  "about  a  barrel  of  oil  to  the  ton  of 
ore"  is  mentioned,  indicating  a  ratio  of  about  17%.  Other 
statements  indicate  that  she  used  as  little  as  5%  of  oil 
per  ton  of  ore.  The  separation  of  the  oiled  mineral  from  the 
unoiled  gangue  is  described  thus:  "In  practice,  the  concentrate, 
after  thorough  agitation  of  the  mass  and  detachment  of  the  sand, 
will  in  this  case  be  preferably  removed  by  means  of  a  constant 
overflow  of  water  from  a  washing-out  vessel,  by  which  overflow 
the  concentrate  will  be  floated  off."  These  last  words  constitute 
the  only  direct  reference  to  the  floating  of  the  concentrate. 

A  great  deal  more  has  been  read  into  this  patent  than  could 
ever  have  been  in  the  mind  of  the  patentee.  It  is  difficult  to  read 
her  description  without  cocking  one  eye  at  the  present  practice 
of  flotation,  whereby  some  of  Mrs.  Everson 's  phrasing  is  given  a 
significance  to  which  it  had  no  possible  claim  30  years  ago.  The 
proportion  of  oil  used — even  the  maximum — would  not  suffice 
for  the  operation  she  had  in  mind,  namely,  the  floating  of  the 
heavy  sulphides  by  direct  aid  of  the  buoyancy  of  oil.  Her  maxi- 
mum proportion  of  oil  represents  a  mere  fraction  of  the  quantity 
required  for  this  operation.  She  disclosed  no  notion  of  the 
assistance  to  be  obtained  from  air,  in  the  form  of  bubbles,  al- 
though, of  course,  this  was  her  principal  flotative  agent.  The 
process  described  by  her  is  quite  impracticable  on  a  large  scale, 
and  it  never  was  operated  save  in  a  crude  experimental  way. 
Nevertheless,  the  exigencies  of  patent  litigation  have  caused  the 


'^The  date  of  application  is  the  more  important,  as  being  the  one  from 
which  priority  of  invention  is  measured. 
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opponents  of  Minerals  Separation  to  idealize  both  Mrs.  Everson 
and  her  metallurgical  adventure,  as  they  have  also  created  a 
romantic  story  of  the  supposed  epoch-making  discovery.  She 
is  represented  as  a  school-teacher,  a  Miss  Everson,  who,  as  the 
sister  of  an  assayer,  washed  some  greasy  ore-sacks  and  saw  the 
sulphides  floating  on  the  contaminated  water.  Even  the  idea 
of  agitation  was  suggested  by  the  activity  of  her  hands  in  the 
wash-tub.  Therefore  "it  only  required  the  customary  acuteness 
of  observation  of  the  Western  lady  school-teacher  to  grasp  the 
essential  facts  of  sulphide  flotation."^'  This  is  pretty,  but  not 
scientific.  The  "essential  facts"  are  a  bit  too  slippery  to  be 
grasped  firmly  even  today.  In  thinking  acid  necessary,  she 
was  wrong.  It  is  known  now  not  to  be  an  essential.  Even  the 
use  of  oil  as  a  direct  means  of  buoyancy  has  receded  into  the 
background;  if  she  had  understood  the  rationale  of  her  own 
operations  she  would  have  known  that  it  was  not  so  much  the 
selective  adhesion  of  the  oil  to  the  mineral  particles  that  gave 
her  the  requisite  buoyancy  as  the  greater  selectiveness  of  the 
air-bubbles  made  by  agitation  in  water  modified  by  the  oil. 

Carrie  Jane  Everson  had  no  idea  of  the  frothing  process. 
Her  methods  may  have  involved  bubble-levitation,  but  she  did 
not  know  it,  and  her  description  would  not  suggest  it  to  any- 
one not  versed  in  much  later  knowledge.  The  effort  to  feature 
this  lady  as  the  inventor  of  the  frothing  process  cannot  com- 
mend itself  to  an  unprejudiced  student  of  the  subject. 

It  is  interesting  to  add  that  the  "Miss  Everson"  of  the  ', 
story  was  really  a  Mrs.  Everson,  the  wife  of  a  Chicago  doctor; 
she  was  not  a  school-teacher;  her  brother  was  not  an  assayer; 
and  there  is  no  reason  for  regarding  the  story  of  the  ore-sacks 
as  anything  more  than  the  fiction  of  an  irresponsible  scribe.^'  Mrs. 
Everson  died  at  San  Anselmo,  California,  on  November  3,  1914.*' 

Next  comes  the  British  patent  of  January  8,  1894,  granted 
to  George  Robson,^"  an  Englishman,  who  did  his  experimental 
work  at  the  same  place  and  on  the  same  ores  as  the  Elmore 
brothers,  at  the  Glasdir  mine,  near  Dolgelly,  in  Wales.    He  dis- 


''' Concentrating  Ores  by  Flotation.'     Page  5.  f 

'*In  the  Financial  Times,  March  3,  1902. 

^^'The  Everson  Myth.' — Min.  &  Set.  Press,  January  15,  1916. 

"His  American  patent  is  dated  January  19,  1897. 
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claimed  "the  use  of  acids  or  salt  and  also  the  method  of  washing^ 
away  the  gangue  with  water,"  effecting  "the  separation  of  the 
metallic  matter  by  the  mixture  of  oils  alone."  He  does  not 
specify  the  quantity  of  oil,  but  I  am  informed  that  it  was  in  the 
ratio  of  3:1,  three  tons  of  oil  to  one  of  ore.  This  was  true  bulk- 
oil  flotation  and  it  proved  an  abject  failure. 

Then  came  Francis  Edward  Elmore,  on  April  10,  1899, 
duplicating  his  British  patent  of  October  18,  1898.  His  method 
has  been  described  already;  it  only  remains  to  say  that  in  so  far 
as  it  proved  more  practicable  than  that  of  Robson,  the  result 
was  due  to  the  fact  that  the  Elmore  brothers  were  capable 
engineers  and  therefore  designed  a  more  suitable  plant.  The 
patent  ignored  the  use  of  air;  the  intention  was  not  to  emulsify 
the  oil  and  not  to  aerate  the  pulp,  but  this  theoretical  condition 
was  never  fulfilled,  as  is  clear  from  the  fact  that  the  flotative 
action  was  150%  more  than  that  calculable  from  the  dif- 
ference of  specific  gravity  between  the  oil  and  the  water.  On 
January  3,  1903,  A.  Stanley  Elmore  took  out  a  British  patent 
for  an  apparatus  for  excluding  the  air  during  the  operation.  He 
effected  his  purpose  by  sealing  all  the  open  vessels  with  a  ring 
or  surface  of  oil;  from  which  it  is  evident  that  at  that  time  he 
and  his  brother  endeavoured  to  base  their  method  wholly  on 
bulk-oil  flotation. 

In  January,  1902,  Charles  V.  Potter,  an  Australian,  obtained 
a  British  patent  for  the  flotation  of  sulphides  in  a  hot  acid 
solution.  He  used  a  stirrer,  and  he  claimed  that  the  solution 
would  "react  on  the  soluble  sulphides  present  to  form  bubbles 
of  sulphuretted  hydrogen  on  the  ore  particles  and  thereby  raise 
them  to  the  surface."'*^ 

In  November  of  the  same  year,  1902,  Guillaume  D.  Delprat, 
the  manager  of  the  Broken  Hill  Proprietary  mine,  applied  for 
a  similar  patent,  except  that  he  used  salt-cake  instead  of  sul- 
phuric acid.  Litigation  ensued,  followed  by  a  compromise, 
eliminating  Potter.  In  later  patents  both  Potter  and  Delprat 
introduced  the  use  of  oil,  finding  it  beneficial. 

In  his  first  American  patent.  No.  735,  071,  filed  on  January 
2,  1903,  Delprat  states  that  the  process  "depends  upon  the  ore 
particles  being  attacked  by  the  acid' to  form  a  gas.     Each  ore 


'U.  S.  patent  No.  776,145.     Claim  3. 
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particle  so  attacked  will  have  a  bubble  or  bubbles  of  gas  adher- 
ing to  it,  by  means  of  which  it  will  be  floated  and  can  be  skimmed 
or  floated  off  the  solution."  ('Ore  particles'  means  blende  and 
galena  at  Broken  Hill).  Here  is  a  pretty  good  recognition  of 
bubble-levitation,  only  he  supposed  that  the  sulphides,  not  the 
gangue,  to  be  attacked  by  the  acid.  In  another  place  he  says 
specifically:  "The  sulphides  in  the  ore  are  rapidly  attacked  by 
the  acid  and  gas-bubbles  formed  on  them,  that  quickly  carry 
them  to  the  surface."  In  this  patent  he  claimed  the  use  of  nitric 
acid  and  a  suitable  nitrate,  such  as  sodium  nitrate,  the  latter 
being  intended  "to  increase  the  specific  gravity  of  the  bath." 
What  reaction  was  to  follow  between  the  sulphides  and  the  dilute 
nitric  acid  is  not  clear.  It  has  been  recorded*^  that  in  the  early 
days  of  the  Potter-Delprat  methods  it  was  supposed  that  the 
acid  liberated  hydrogen  sulphide  from  the  sulphides,  when  sul- 
phuric acid  was  used,  without  attacking  the  gangue.  Those  who 
first  scouted  this  idea  suggested  that  carbon  dioxide  was  generated 
by  decomposition  of  a  carbonate  coating  on  the  sulphides,  due 
to  weathering  of  the  ore,  arguing  therefrom  that  it  was  necessary 
for  the  gas  to  be  produced  at  the  surface  of  the  sulphide  particles 
themselves.  All  of  these  explanations^^  are  now  on  the  scrap-heap 
of  discarded  theories. 

These  patents  of  Potter  and  Delprat  have  been  labelled 
variously  under  'acid-flotation'  and  'surface  tension'  methods. 
Delprat's  apparatus  does  indeed  suggest  a  process  of  the  Brad- 
ford or  Wood  type,  but,  of  course,  both  he  and  Potter  depended 
for  their  results  on  the  liberation  of  carbon  dioxide  gas  from  the 
gangue,  which,  at  Broken  Hill,  contains  a  large  proportion  of 
carbonates,  notably  calcite,  siderite,  and  rhodocrosite.     From 


*2'The  Physics  of  Ore  Flotation.'  By  J.  Swinburne  and  G.  Rudorf. — 
Min.  &*  Sci.  Press,  February  24,  1906. 

*'In  his  book  Mr.  Hoover  states  (page  13,  second  edition)  that  Goyder 
&  Laughton,  in  their  patent  of  July  31,  1903,  "were  the  first  to  disclose  the 
principle  governing  Potter's  and  Delpart's  acid-flotation  process,  namely  that 
the  action  of  the  acid  on  the  ore  generated  gas-bubbles  to  which  the  sulphide 
particles  attach  themselves,  and  were  floated  to  the  surface."  What  they  said 
was  that  "the  physico-chemical  action  develops  the  formation  of  gas-bubbles 
adhering  to  particles  of  certain  of  the  finely-divided  minerals  and  causing  such 
particles  of  certain  minerals  to  rise  to  or  near  the  surface  of  the  solution.'' 
But  this  does  not  make  it  clear  that  the  bubbles  are  obtained  by  the  decom- 
position of  the  carbonates  in  the  gangue,  it  is  more  nearly  compatible  with 
Delprat's  idea  that  they  were  generated  by  the  action  of  the  acid  on  the  sul- 
phides themselves. 
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any  of  these  a  hot  sulphuric  acid  solution  would  release  the  gas 
that  promptly  attached  itself  to  the  metallic  surfaces  of  the 
galena  and  blende. 

Meanwhile,  Alcide  Froment,  in  Italy,  had  got  hold  of  the 
bubble  idea,  which  is  the  real  basis  of  the  flotation  process  as  it 
is  understood  today.  He  invented  his  method  in  1901  and  filed 
his  claim  for  a  British  patent  on  June  9,  1902.  This  patent  was 
duplicated  in  Italy,  but  not  in  the  United  States.  The  fact  last 
mentioned  is  important.  Froment  claimed  that  his  process  was 
"a  modification  of  what  is  known  as  the  oil  process  of  ore  con- 
centration," meaning  that  of  Elmore,  for  the  bulk-oil  method 
had  been  tried  at  the  Traversella  mine,  in  Italy,  where  Froment 
was  engaged  as  an  engineer.  His  plan  was  to  generate  bubbles 
of  gas  by  the  reaction  between  sulphuric  acid  and  the  carbonates 
in  the  gangue,  adding  limestone  when  the  ore  did  not  contain 
enough  carbonate.  He  argues  that  "if  a  gas  of  any  kind  is  liber- 
ated in  the  mass,  the  bubbles  of  the  gas  become  coated  with  an 
envelope  of  sulphides  and  thus  rise  readily  to  the  surface  of  the 
liquid,  where  they  form  a  kind  of  metallic  magma."  It  will  be 
noted  that  he  says  "gas  of  any  kind.''  As  the  children  say,  in  a 
familiar  game,  he  was  "very  warm"  just  then,  for  he  had  only 
to  invoke  the  aid  of  air  to  have  described  the  essential  principle 
of  the  later  phase  of  flotation.  He  also  states  that  the  sulphide 
particles  when  "moistened  by  a  fatty  substance"  have  a  tendency 
"to  unite  as  spherules  and  to  float  upon  the  surface  of  the  water". 
His  brief  description  closes  with  the  statement  that  "the  rapidity 
of  the  formation  of  the  spherules  and  their  ascension  is  in  direct 
ratio  to  the  quantity  of  gas  produced  in  a  given  time."  As  to 
the  oil,  the  only  mention  of  quantity  is  made  in  describing  a 
test-tube  experiment  in  which  he  uses  'a  thin  layer  of  oil.' 
This  phrase  has  been  variously  interpreted,  according  to  the 
exigencies  of  litigation,  but  it  refers  obviously  to  a  minute  pro- 
portion. In  the  directions  given  by  him  to  the  Minerals  Separa- 
tion people  when  they  bought  his  patent  rights  on  November  17, 
1903,  he  specified  1  per  cent  of  mineral  engine-oil  for  ore  con- 
taining up  to  5  per  cent  of  metals,  If  per  cent  of  oil  for  ore  con- 
taining 10  per  cent,  and  so  on,  up  to  ores  containing  50  per  cent 
of  metallic  lead,  which  would  require  3|  per  cent  of  oil.  As  oil  flota- 
tion was  understood  at  that  time,  this  marked  a  great  reduction 
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in  the  proportion  of  oil.  However,  the  more  interesting  point 
is  Froment's  faihire  to  overlook  the  possibility  of  using  air  as 
the  gas  for  making  his  bubbles.  He  depended  upon  chemical 
action  to  furnish  him  with  the  necessary  gas.  Nevertheless 
Froment  deserves  a  high  place  in  the  roll  of  flotation  pioneers, 
for  he  made  an  important  step  forward.  He  furnished  the  link 
between  bulk-oil  and  air-froth  flotation. 

The  next  chapter  in  the  story  marks  a  retrogression.  Under 
date  of  November  28,  1902,  Arthur  E.  Cattermole  obtained 
British  patents  No.  26,295  and  26,296,  both  of  which  were 
acquired  by  John  Ballot  and  associates  in  December  1902, 
preparatory  to  the  formation  of  the  company — Minerals  Separa- 
tion, Limited — organized  to  exploit  them.  In  August  1903  Catter- 
mole revised  and  amplified  his  previous  claims  in  British  patent 
No.  18,589,  which  was  duplicated  in  the  United  States  under 
date  of  September  28,  1903,  as  No.  777,273.  This  last  is  the 
principal  patent  covering  the  so-called  granulation  process. 

Cattermole  prefaces  his  description  by  reference  to  the 
selectiveness  of  oil,  when  emulsified,  for  sulphide  particles,  such 
selective  action  being  intensified  by  the  acidulation  of  the  water. 
He  then  proceeds  to  say  that  if  the  mixture  be  thoroughly 
agitated  there  is  a  tendency  for  the  metalliferous  particles,  now 
coated  with  oil,  to  adhere  together,  forming  granules^  that  sink 
and  are  readily  separated  from  the  lighter  gangue  by  an  up- 
current  of  water.  In  his  description  of  the  operation  he  says 
that  "the  granules,  with  a  certain  amount  of  heavy  sands,  sink 
to  the  bottom  and  are  discharged  (See  Fig.  10)  through  a  pipe 
G'  into  the  vessel  A»,  while  the  lighter  sands  are  carried  away 
by  the  upward  current  and  discharged  through  outlet  G^  to  a 
light-sands  tank  J".  In  the  drawing  A',  A\  A^,  A*,  A^  and  A^  are 
mixing  vessels;  G  and  K  are  classifiers;  E  is  a  tank  containing 
oil-emulsion.  He  refers  to  the  quantity  of  oil  several  times  in 
vague  terms,  explaining,  however,  that  it  should  be  "insufficient 
to  materially  lessen  the  specific  gravity  of  the  metalliferous 
mineral  particles".  Finally,  he  specifies  the  proportion  as 
"usually  an  amount  of  oil  varying  from  4  per  cent  to  6  per  cent 
of  the  weight  of  metalliferous  mineral  matter  present  in  the  ore." 


^■•The  'granules'  may  be  contrasted  with  Froment's  'spherules.' 
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Ho.  763,259.  f  ATBNTED  JUNE  21,  1904. 

A.  E.  CATTEBMOLE. 

OLASSIFIOATIOH  OF  THE  METALLIC  CONSTITUENTS  OF  ORES. 

AlrUOiTIOl  rillD  lEFT.  !•.  1101. 
No  KP9EL. 


Fig.  10 


This  can  be  interpreted  variously;  if  it  refers  to  the  sulphides 
to  be  concentrated,  then  an  ore  containing  20  per  cent  blende 
would  require  from  0.8  to  1.2  per  cent  of  oil,  equivalent  to  from 
16  to  24  lb.  oil  per  ton  of  ore.  On  the  other  hand  a  2  per  cent 
chalcocite  ore  would  need  only  1.6  to  2.4  lb.  oil  per  ton  of  ore. 
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Ko.  835,120.  PATENTED  NOV.  6,  1906. 

H.  L.  SDLMAN,  H.  F.  KIRKPATRICK-PICARD  4  J.  BALLOT. 

ORE  CONCENTRATION. 

irPLIOATIOl  TILED  MAT  29.  1905 

1  8BEETa-IHItT3 


Fig.   11 


This  Cattermole  process  was  the  subject  of  lengthy  experi- 
ment in  the  London  laboratory  of  the  Minerals  Separation  com- 
pany, where  all  sorts  of  variations  in  temperature,  acidification, 
oiling,  and  mixing  were  tried  by  Arthur  H.  Higgins  under  direc- 
tions from  H.  L.  Sulman  and  H.  F.  K.  Picard.  It  was  not  until 
March  1905,  that  is,  nearly  1\  years  subsequent  to  the  patenting 
of  the  Cattermole  method,  that  it  was  found  advisable  to  float 
the  'granules'  rather  than  sink  them,  whereupon  there  ensued 
"the  startling  discovery  of  the  agitation-froth  process,"  as 
W.  H.  Ballantyne  has  described  it.     A  similar  discovery  was 
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made  contemporaneously  at  Broken  Hill,  but  there,  according 
to  James  Hebbard,  it  was  not  so  'startling';  it  was  the  result 
of  strenuous  eflforts  to  make  a  workable  process  out  of  the  im- 
praticable  method  devised  by  Cattermole.  (See  Fig.  11  and 
Fig.  14.) 


y^ Conveyor  be ff  from  bin. 


Lead  Baffle P/ate-. 


Pockef  forcafthing 
Stones,  bolts  etc.  -- 


Metal  seert-  — ^ 


4'DJam.  — -^ 
Fig.  12.     The  Potter  apparatus. 


This  'discovery'  led  to  Minerals  Separation's  basic  patent 
U.  S.  No.  835,120,  of  May  29,  1905,  which  duplicated  the  British 
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patent  No.  7803  of  April  12,  1905,  taken  out  in  the  names  of 
H.  L.  Sulman,  H.  F.  K.  Picard,  and  John  Ballot.  In  this  patent 
the  aid  of  chemically-generated  gas  is  discarded  definitely,  in 
favour  of  air-bubbles.  This  seems  to  me  a  matter  of  far  greater 
importance  than  the  reduction  in  the  proportion  of  oil.  The 
patentees  say:  "It  is  to  be  understood  that  the  object  of  using 
acid  in  the  pulp  according  to  this  invention  is  not  to  bring  about 
the  generation  of  gas  for  the  purpose  of  flotation  thereby,  and 
the  proportion  of  acid  used  is  insufficient  to  cause  chemical 
action  in  the  metalliferous  minerals  present."  This  differen- 
tiates the  method  from  those  of  Potter,  Delprat,  Froment,  and 
De  Bavay,  the  addition  of  acid  being  therefore  presumably  to 
assist  the  selective  oiling  of  the  sulphides.  The  patentees  also 
state  that  "a  large  proportion  of  the  mineral  present  rises  to 
the  surface  in  the  form  of  a  froth  or  scum  which  has  derived  its 
power  of  flotation  mainly  from  the  inclusion  of  air-bubbles 
introduced  into  the  mass  by  the  agitation,  such  bubbles  or  air- 
films  adhering  only  to  the  mineral  particles  which  are  coated 
with  oleic  acid."  The  last  clause  had  better  have  been  omitted, 
for  it  is  only  conjecture,  as  to  the  truth  of  which  there  is  room 
for  plenty  of  doubt,  but  the  clear  description  of  air  as  the  main 
agent  of  flotation  is  most  important — far  more  important,  as 
regards  the  rationale  of  the  process,  than  the  diminution  in  the 
proportion  of  oil. 

As  to  this,  it  is  stated  that  if  the  proportion  of  oil  mentioned 
in  the  previous  Cattermole  patents  "be  considerably  reduced — 
say  to  a  fraction  of  1  per  cent  on  the  ore — granulation  ceases  to 
take  place,  and  after  vigorous  agitation  there  is  a  tendency  for 
a  part  of  the  oil-coated  metalliferous  matter  to  rise  to  the  surface 
of  the  pulp  in  the  form  of  a  froth  or  scum".  One  per  cent  on  the 
ore  is  equal  to  20  lb.  oil  per  ton;  a  'fraction'  of  1  per  cent  is  any- 
thing between  20  and  0  pounds  per  ton  In  enforcing  the  right 
to  the  collection  of  royalties,  the  Minerals  Separation  company 
has  rested  its  claim  mainly  on  the  reduction  of  oil,  claiming  that 
it  produces  a  series  of  phenomena  quite  different  from  any  of 
the  other  methods  employing  larger  proportions  of  oils,  and, 
concurrently,  insisting  that  such  superior  eff^ects  as  are  produced 
by  the  use  of  the  reduced  quantity  of  oil  are  unobtainable  when 
the  larger  proportions  of  oil  are  used.     Thereupon,  of  course,  it 
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has  been  claimed,  b>'  those  desiring  to  ignore  the  Minerals 
Separation's  basic  patent,  that  neither  the  Cattermole  nor  the 
Froment  methods  demanded  a  quantity  of  oil  notably  larger, 
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for  the  minima  prescribed  by  these  earlier  inventors  come  under 
20  lb.  of  oil  per  ton  of  ore.  However,  this  matter  is  still  sub 
judice,  so  it  is  best  let  alone  for  the  present. 

Between  the  Froment  patent  of  1902  and  the  Sulman- 
Picard-Ballot  patent  of  1905  comes  the  Kirby  patent  U.  S.  No. 
809,959  of  December  14,  1903,  granted  on  January  16,  1906. 
This  is  interesting  as  specifying  gentle  agitation  and  the  use 
of  a  gas,  making  it  possible  to  use  thin  oils  instead  of  the  viscous 
oils  of  the  prior  (Elmore)  art.  The  claim  is  made  that  "the 
injection  of  gas,  preferably  air,  into  the  mass,  assists  in  the 
flotation  of  the  hydrocarbon-coated  particles."  The  mention 
of  air,  as  an  assistant  flotative  agent,  is  more  important  than  the 
reference  to  the  kind  of  oil. 

The  actual  part  played  by  the  oil  has  been  misapprehended 
from  the  very  first,  the  earlier  investigators  using  not  enough 
to  produce  bulk-oil  flotation,  while  the  later  metallurgists  have 
employed  much  more  than  was  needed  for  bubble-levitation. 
The  relative  importance  of  the  part  played  by  air  was  persist- 
ently ignored  until  a  late  date  and  even  then  it  was  under-esti- 
mated. It  is  interesting  to  note  that  the  two  first  patents  in 
which  air  was  specified  as  a  gas  suitable  for  flotative  effects  were 
those  of  F.  E.  Elmore  and  the  firm  of  Sulman  &  Picard.  Francis 
E.  Elmore  obtained  a  British  patent  for  his  vacuum-oil  method 
under  date  of  August  16,  1904,  and  duplicated  it  in  the  United 
States  as  No.  826,411  of  July  10,  1905.  Sulman  &  Picard  ob- 
tained a  British  patent  for  their  perforated-coil  patent  under 
date  of  September  22,  1903,  duplicating  it  in  the  United  States 
as  No.  793,808  of  October  5,  1903. 

The  Sulman  &  Picard  patent  just  mentioned  has  been 
claimed  by  the  Miami  Copper  Company  as  the  one  covering 
their  operations  with  the  Callow  pneumatic  cell.'*''  In  No. 
793,808  the  inventors  "utilize  the  power  which  is  posessed  by 
films  or  bubbles  of  air  or  other  gas  of  attaching  themselves  to 
solid  particles  moistened  by  oil  or  the  like."  They  also  state 
that  they  add  oil  "in  quantity  insufficient  to  raise  the  oiled 
mineral  by  virtue  of  the  flotation  power  of  the  oil  alone.  A  suit- 
able gas  is  generated  in  or  introduced  into  the  mixture,  such  as 
air,  carbonic-acid  gas,  sulphuretted  hydrogen,  or  the  like.     For 


"Note  the  sloping  launder-like  vessel  used  by  both. 
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example,  bicarbonates  or  carbonates,  either  soluble  or  insoluble 
in  water  (preferably  the  latter)  or  easily  decomposable  sulphides 
and  the  like  may  be  used  with  acid  solution."  Thus  they  lessen 
the  emphasis  on  air  as  the  prime  agent.  The  description  also 
refers  to  the  oiled  metalliferous  particles  as  "attaching  to  them- 
selves, with  a  greater  comparative  strength   than   the  gangue 
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particles,  the  films  or  bubbles  of  gas  which  exist  in  the  mass 
and  are  thus  raised  to  the  surface  of  the  liquor  by  gaseous  flota- 
tion." Yet  we  are  told  that  the  metallurgists  who  prepared 
this  excellent  description  of  the  bubble-levitation  method  made 
"a  startling  discovery"  of  the  frothing  process  eighteen  months 
later.  This  U.  S.  patent  793,808  is  more  than  a  year  junior  to 
Froment's  British  patent,  and  contains  an  echo  of  it  in  the  intro- 
ductory announcement. 
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Elmore's  vacuum-oil  process  marked  another  inadvertent 
step  toward  the  recognition  of  air  as  the  most  important  flota- 
tive  agent.  He  utilized  the  air  naturally  dissolved  in  water, 
releasing  it  for  his  purpose  under  a  vacuum.  The  patent  states 
that  "under  a  vacuum  or  partial  vacuum,  air  or  gases  dissolved 
in  the  milling  water  are  liberated.  These  liberated  gases  may  be 
augmented  by  the  generation  of  gases  in  the  pulp,  or  by  intro- 
duction from  an  external  source."  Elmore  invented  a  most  in- 
genious machine  for  his  purpose.  In  so  far  as  he  depended  upon 
the  air  in  a  pulp  that  had  undergone  mixing  with  a  quantity  of 
oil  relatively  small  (as  compared  with  his  bulk-oil  method)  he 
furnished  a  notable  metallurgical  sign-post,  but  it  is  necessary 
to  remember  that  he  mixed  his  crushed  ore  in  acidulated  water 
and  that  the  acid  would  cause  the  generation  of  carbon  dioxide 
gas,  thus  explaining  his  reference  to  "air  or  gases". 

The  first  inventor  to  break  away  from  the  use  of  either 
acid,  or  oil,  and  to  make  a  clear  claim  for  air  as  his  sole  fiotative 
agent  is  Dudley  H.  Norris,  in  U.  S.  No.  864,  856,  under  date  of 
November  19,  1907,  and  also  No.  873,586  of  December  10,  1907. 
(See  Fig.  13).  In  that  patent  he  described  a  method  for  "intro- 
ducing water  containing  air  in  solution  into  the  lower  end  of  an 
open-ended  receptacle  into  which  is  introduced  a  flowing  mixture 
of  pulverized  ore  mixed  with  oil  and  water,  thereby  exposing 
said  mixture  to  the  continuous  action  of  infinitesimally  small 
nascent  bubbles  of  air."  He  does  not  specify  the  use  of  acid 
and  he  distinctly  says  that  he  does  not  wish  it  to  be  understood 
that  his  method  "is  limited  to  the  use  of  oil,  as  the  method  can 
(be  practised  successfully  without  mixing  oil  with  the  pulverized 
•ore  and  water."  Incidentally,  his  method  is  worthy  of  friendly 
interest,  for  he  has  declared  his  intention  to  render  the  use  of  it 
free  of  tonnage-royalty.  Having  got  rid  of  acid  and  oil,  we  have 
now  reached  the  point  where  modified  water  mixed  with  the 
crushed  ore  in  the  presence  of  air  suffices  to  form  bubbles  suffi- 
ciently lasting  to  buoy  the  metallic  particles  to  the  surface  of 
the  liquid. 

Psychology. — A  potent  factor  in  the  history  of  flotation  has 
been  the  psychology  of  the  persons  concerned  in  the  invention, 
improvement,  and  application  of  the  process.  To  understand 
the  scanty  and  contradictory  literature  of  the  subject  it  is  neces- 
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sary  to  read  between  the  lines  with  some  knowledge  of  the  per- 
sonal equations  that  have  rendered  the  problem  so  confusing 
to  the  later  student.  For  example,  it  is  an  interesting  fact  that 
the  first  workable  method  was  that  of  the  Elmores,  who,  how- 
ever, simply  carried  forward  the  ineffective  research  of  Robson 
and  Crowder,  at  the  Glasdir  mine  The  Elmores  knew  of  the 
experiments  made  by  Robson,  more  particularly,  for  his  simple 
apparatus  was  left  on  view  at  the  mine  when  Francis  Elmore  and 
his  brother  came  there  in  1897  and  became  interested  in  the 
problem  Next  there  is  the  fact  that  in  1902  the  Elmores  placed 
their  Australian  rights  to  the  bulk-oil  process  under  option  to 
the  group  headed  by  Messrs.  Webster  and  Ballot,  by  whom  Messrs. 
Sulman  and  Picard  were  employed.  The  latter  were  given 
every  facility  for  becoming  completely  familiar  with  the  opera- 
tions of  the  Elmore  process,  but  the  Australian  option  was  not 
exercised,  and  the  group  that  had  rejected  the  option  formed 
the  Minerals  Separation  company  and  proceeded  to  exploit 
another  method  themselves.  Whereupon,  not  unnaturally, 
there  arose  charges  and  counter-charges  of  bad  faith,  provoking 
the  lawsuit  of  1907*^  which  decided  nothing,  but  left  a  lot  of  ill 
feeling  in  its  wake. 

The  atmosphere  amid  which  the  various  processes  were 
tried  at  Broken  Hill  is  illustrated  by  the  fact  that  in  the  course 
of  a  successful,  but  misleading,  trial  of  the  Potter  method,  the 
workmen  in  the  Zinc  Corporation's  plant  made  it  a  practice  to 
add  lubricating  oil  to  the  hot-acid  solution  in  order  to  improve 
the  result.  This  fact  was  not  ascertained  until  several  years 
after  the  test  had  been  finished.  At  that  time  feeling  ran  high 
between  the  various  process  companies  and  "the  Zinc  Corpora- 
tion's experimental  work  was  subjected  to  many  unfavourable 
arguments  of  an  extremely  substantial  nature,  such  as  a  varied 
assortment  of  scrap-iron,  dropped  into  agitators,  gearing,  or 
pump-sumps.  "^'^ 

In  order  to  understand  the  latter  developments,  it  should 
be  stated  that  Theodore  J.  Hoover  joined  Minerals  Separation 
Limited  as  technical  adviser  and  general  manager  in  October 
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1906  and  resigned  in  December  1910.  Unpleasant  misunder- 
standings ensued.  The  first  edition  of  Mr.  Hoover's  book  ap- 
peared two  years  later,  in  December  1912.  James  M.  Hyde 
was  in  the  employ  of  the  Mexican  Syndicate  organized  by 
Minerals  Separation  for  one  year,  from  January  1910  to  January 
1911.  At  the  instance  of  Herbert  C.  Hoover,  he  went  to  Mon- 
tana on  an  inspection  of  the  Butte  &  Superior  mine.  Mr. 
Hoover  withdrew  from  this  business,  but  Mr.  Hyde  proceeded 
to  test  the  ore  and  erect  a  trial  fiotation-plant,  in  disregard  of 
the  Minerals  Separation  patents.  Suit  was  brought  against 
him  by  Minerals  Separation  in  October  1911.  E.  H.  Nutter 
was  engaged  by  T.  J.  Hoover  for  Minerals  Separation  in  1910; 
he  has  been  in  the  United  States  for  that  company  since  1911, 
most  of  the  time  as  its  representative  in  San  Francisco. 

J.  M.  Callow's  American  patent  for  his  pneumatic  launder 
is  No.  1,104,755  of  July  21,  1914.  I  am  informed  that  it  covers 
the  same  idea  as  appears  in  T.  J.  Hoover's  British  patent  No. 
10,929  of  1910.  Mr.  Callow  was  unaware  of  Mr.  Hoover's  in- 
vention, which  was  not  patented  in  the  United  States  and  is 
now  the  property  of  the  Minerals  Separation  company.  How- 
ever, the  priority  of  invention  as  regards  this  apparatus  is  a 
matter  of  academic  interest  only.  R.  S.  Towne  used  the  same 
idea  earlier  than  Mr.  Callow  in  the  form  of  a  carborundum 
wheel,  the  central  hole  of  which  he  plugged,  so  that  the  wheel 
served  as  a  porous  bottom. 

No  American  application  of  the  bubble-Ievitation  phase  of 
flotation  to  the  concentration  of  ore  was  made  until  long  after 
the  Minerals  Separation's  basic  patent  had  been  registered.  As 
previously  related,  the  early  trials  were  made  at  Broken  Hill. 
The  first  introduction  of  this  method  in  the  United  States  oc- 
curred six  years  after  the  date  of  patent  No.  835,120.  It  is  claimed 
by  Minerals  Separation  that  "if  the  directions  of  the  patent  are 
followed,  the  operation  of  the  process  is  inevitable",  yet  many 
years  of  trial  and  experimentation  were  required  before  flotation 
was  used  successfully  in  this  country.  The  Utah  Copper  and 
the  other  Jackling  companies  made  successful  application  of  the 
process  by  aid  of  their  own  research  and  persistent  effort.  Up 
to  1911  the  Minerals  Separation  metallurgists  thought  chalco- 
cite  could  not  be  treated  by  flotation,  and  said  so.     In  Mr. 
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Hyde's  report  of  January  8,  1911,  given  as  an  exhibit  by  Min- 
erals Separation  in  their  suit  against  Hyde,  it  is  stated  that  the 
tests  carried  out  in  the  company's  London  laboratory  proved 
"the  copper  ores  of  a  good  part  of  the  Southwest  and  also  of  at 
least  a  portion  of  the  Utah  region  contain  chalcocite,  which  is 
not  floatable  by  any  of  the  methods  so  far  tested".  This  opinion 
epitomizes  the  experience  gained  up  to  that  time  in  the  London 
laboratory.  Even  in  the  1914  edition  of  his  book,  Mr.  Hoover 
mentions^*  the  presence  of  bornite  and  chalcocite  as  likely  to 
limit  the  successful  operation  of  the  process.  It  is  now  re- 
cognized that  chalcocite  is  easier  to  float  than  pyrite.  It  is 
fair  to  add  that,  at  a  later  date,  one  or  two  important  copper 
companies  obtained  an  increased  revenue  thanks  to  the  insistence 
of  Minerals  Separation  in  recommending  the  use  of  their  method. 
This  insistence  resulted  in  valuable  contracts. 

It  is  well  to  warn  the  reader  against  the  inferences  attempted 
to  be  made  from  experiments  in  court,  or  elsewhere,  intended 
to  prove  that  sundry  effects  can  be  obtained  or  cannot  be  ob- 
tained by  following  the  descriptions  in  various  patents.  As  a 
matter  of  fact  the  results  depend  largely  upon  the  manipulation, 
performed  usually  by  an  operator  who  knows  a  great  deal  that 
was  not  known  at  the  time  the  description  was  written.  Moreover, 
the  improvement  in  apparatus  enables  a  later-day  operator  to 
apply  recent  knowledge  in  the  course  of  an  experiment  supposedly 
based  upon  an  old  method.  By  aid  of  Herodotus*^  and  a  slide 
machine  it  is  possible  to  produce  a  performance  that  might  well 
perplex  a  philosopher,  or  a  judge. 

In  Mr.  Hoover's  book  the  average  royalty  levied  by  the 
process-mongers  is  given  as  1  shilling  or  25  cents  per  ton.  Writing 
in  July  1912,  this  author  stated  that  the  combined  capital  of  all 
the  companies  controlling  flotation  processes  was  about  $5,000,- 
000.  As  the  companies  had  then  been  in  existence  for  7  years, 
they  should  have  treated  38,000,000  tons  in  order  to  return  their 
capital  and  10  per  cent  per  annum.  Up  to  that  time  they  had 
treated,  he  says,  only  8,000,000  tons.     Thus  he  drew  a  melan- 
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**Who  has  told  about  the  maidens  dwelling  upon  a  mysterious  island 
on  which  there  was  a  lake  of  pitch.  The  maidens  went  to  this  lake,  dipped 
their  feathers  in  the  pitch,  and  then  proceeded  to  another  lake  where  they 
extracted  gold  from  the  sand  by  trailing  those  pitchy  feathers. 
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choly  picture.  But  the  adoption  of  the  process  by  the  big 
copper  mining  companies  in  this  country  is  going  to  make  those 
figures  of  four  years  ago  look  small  indeed.  This  year  20,000,000 
tons  will  be  treated  in  the  United  States  alone;  next  year,  the 
tonnage  may  well  increase  to  30,000,000,  taking  no  count  what- 
ever of  the  operations  in  Australia,  Chile,  British  Columbia, 
Korea,  Mexico,  and  other  parts  of  the  world.  Soon  it  will  be 
100,000  tons  per  day  in  the  United  States  alone.  The  process- 
mongers  have  a  prize  worthy  of  a  big  fight  and  the  users  have  an 
incentive  to  curb  any  attempt  to  impose  an  excessive  royalty 
accompanied  by  an  embargo  upon  knowledge.  That  is  where 
Minerals  Separation  has  antagonized  so  many.  They  have 
claimed  royalties  where  previously  they  had  reported  that  the 
ore  was  unsuitable  to  flotation.  Some  of  the  companies  that 
are  now  operating  successfully  went  first  to  Minerals  Separation 
for  guidance  and  obtained  so  little  assistance  that  they  had  to 
solve  their  own  difficulties  for  themselves.  One  or  two  big  com- 
panies have  won  reasonable  terms;  for  instance,  it  has  been  dis- 
closed that  the  Anaconda  and  Inspiration  companies  have 
guaranteed  that  if  the  Supreme  Court  reverses  the  Hyde  case, 
or  if  they  do  not  exercise  their  option  to  surrender  their  license 
in  case  of  affirmance,  they  will  treat  25,000,000  tons  of  ore  by 
the  Minerals  Separation  method  by  1923,  and  will  pay  the 
agreed  royalty  thereon,  this  royalty  being  f  cent  per  pound  of 
copper,  but  not  less  than  12  cents  per  ton  of  ore;  and  meanwhile, 
whatever  the  decision  of  the  Supreme  Court,  they  have  agreed 
to  pay  a  royalty  of  $300,000  to  Minerals  Separation  within  a 
year  from  date — nine  months  ago.  Having  regard  to  the  fact 
that  the  extraction  by  flotation,  as  compared  with  ordinary 
water  concentration  has  been  improved  from  63  to  95  percent, 
at  no  greater  cost  in  plant  or  of  operation,  it  is  obvious  that  the 
copper  companies  can  well  afford  to  pay  such  a  royalty,  if  the  im- 
provement is  due  to  the  use  of  patents  owned  by  Minerals 
Separation.  That  point  the  Supreme  Court  will  decide  at  an 
early  date. 

But,  as  I  have  said,  it  is  not  the  amount  of  the  royalty  but 
the  method  of  levying  tax  and  the  attempt  to  place  an  embargo 
on  all  information  concerning  the  technique  of  the  process  that 
has  aroused  opposition.  The  type  of  contract  made  with  licensees 
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has  caused  many  operators  to  refuse  to  come  to  terms;  but  the 
more  objectionable  practice  has  been  the  enforcement  of  binding 
contracts  on  the  metallurgists  employed  by  the  licensees,  such 
contracts  being  legally  invalid  and  representing  an  attempt  to 
bluff  the  profession.^" 

For  the  most  part,  until  quite  recently,  the  information 
available  on  the  flotation  process  has  come  from  patentees,  their 
friends,  and  their  enemies;  a  good  many  of  the  facts  available 
have  been  elicited  in  the  course  of  litigation,  which  has  now  been 
in  progress  for  ten  years;  therefore  a  vast  amount  of  non-science 
has  been  mixed  with  the  little  science  that  has  survived  amid 
thoroughly  uncongenial  surroundings.  Anybody  familiar  with 
the  bitter  business  feuds  and  personal  vendettas  generated  during 
the  course  of  the  quarrels  over  patent-rights  needs  not  to  be  told 
that  keen  prejudice,  amounting  in  some  cases  to  malice,  has  been 
injected  into  the  ragged  literature  of  flotation.  The  warping  of 
scientific  vision  is  astounding  to  the  detached  observer.  Much 
that  has  got  into  print  and  more  that  has  escaped  a  permanent 
record  has  been  written  with  a  jaundiced  eye  on  the  law-courts. 
On  top  of  this  the  metallurgy  of  the  subject  has  been  placed 
under  an  embargo  of  secrecy  by  the  owners  of  the  chief  patents, 
and  this  has  been  effective  to  the  extent  of  preventing  the  techni- 
cal men  in  the  employ  of  the  process-mongers  from  contributing 
to  current  knowledge.  Only  recently  has  there  been  any  con- 
siderable contribution  from  independent  sources  of  information. 

Another  important  element  in  retarding  the  technology  of 
the  process  is  the  ignoring  of  the  fact  that  it  depends  far  more  on 
physical  than  on  chemical  considerations.  To  the  physicist, 
not  the  chemist,  we  must  look  for  guidance.  The  metallurgist 
hitherto  has  depended  upon  chemistry  to  guide  him;  he  must 
now  go  back  to  school  and  acquire  something  more  than  a 
smattering  of  physics,  if  he  expects  to  understand  the  problems 
of  the  new  process.  To  most  of  us  chemistry  comes  more  easily 
because  it  has  a  sign  language,  that  of  the  formula,  to  convey 
ideas,  while  physics  depends  upon  the  use  of  terms  half  of  which 
beg  the  question.  Hence  the  student  must  begin  by  rejecting 
the  use  of  terms  that  he  does  not  understand,  and  when  he  has 
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learned  to  understand  them  he  must  take  pains  to  define  them 
whenever  he  undertakes  to  convey  his  ideas  to  others.  By  such 
sincerity  of  thought  it  will  be  possible  to  make  real  progress, 
and  to  apply  science  to  industry  with  results  far  transcending 
any  hitherto  achieved  in  this  field  of  human  activity. 


Discussion 


Mr.  G.  D.  Van  Arsdale: — Mr.  Rickard's  paper  is  ex- 
tremely interesting  and  comprehensive,  covering  as  it  does 
the  history,  practical  development,  theory,  patents,  and  some 
of  the  litigation  of  flotation.  The  work  that  I  have  been 
doing  has,  until  recently,  been  confined  entirely  to  an  at- 
tempt at  investigation  of  the  theory  of  the  subject,  so  that  I 
can  only  comment  on  that  portion  of  the  paper  relating  to  this 
phase.  Any  part  of  this  subject  is  very  complicated  and  dif- 
ficult from  a  research  standpoint,  and  it  seems  to  me  therefore 
that  its  study  may  be  facilitated  by  making,  when  possible,  some 
simplifying  assumptions.  The  most  prominent  feature  of  our 
modern  methods  is  the  foam  or  froth.  Let  us  consider  what  a 
foam  or  froth  really  is.  A  scientific  definition  would  be  a  matter 
of  some  difficulty,  but  for  practical  purposes  we  can  consider  that 
a  foam  or  froth  is  really  only  a  collection  of  bubbles  of  greater 
or  less  size  or  number.  We  can  accordingly  simplify  matters 
greatly  by  considering  a  single  bubble.  Now  a  single  bubble 
may  be  very  roughly  defined  as  a  surface  of  liquid  in  contact 
with  or  in  some  cases  entirely  surrounding  a  quantity  of  gas. 
With  this  definition  we  can  make  a  still  further  simplification 
which  is  that  what  we  ordinarily  call  a  liquid  surface  answers 
to  a  part  of  this  definition,  that  is  to  say,  it  is  a  liquid  surface  in 
contact  with  a  gas,  and  we  would  accordingly  expect  a  study  of 
particles  and  oils  on  an  ordinary  surface  to  throw  considerable 
light  on  the  remaining  much  more  complicated  cases  of  practical 
flotation.  If  then  we  ask  why  does  a  particle  heavier  than 
water  float  on  a  water  surface  we  can  attempt  to  answer  this  as 
follows:    If  the  main  cause  is  surface  tension,  there  should  be  a 
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definite  relation  capable  of  experimental  verification  between  the 
Tiaximum  size  of  a  particle  that  can  float,  and  the  surface  tension 
)f  the  surface.  It  has  been  stated  that  the  maximum  weight 
that  can  be  supported  on  a  surface  is  equal  to  the  surface  tension, 
:hat  is  1  sq.  cm.  will  support  81  mgrms.  It  can  easily  be  shown, 
lowever,  that  1  sq.  cm.  will  support  several  times  this  weight,  so 
that  evidently  the  relation  is  not  stated.  From  certain  surface 
tension  formulae,  however,  we  can  calculate  the  maximum  sized 
Darticle  of  certain  shapes,  for  example,  cylinders  that  will  float; 
ind  experimentally,  for  example,  with  clean  copper  wire  of  various 
sizes  the  actual  size  that  will  float  is  very  close  to  this  theoretical 
naximum.  This  proves  absolutely,  therefore,  that  we  are 
:orrect  in  assuming  surface  tension  as  one  of  our  main  causes. 
Dther  conditions,  all  of  which  can  be  proved  experimentally  by 
simple  experiments,  are: 

1.  Size  and  specific  gravity  of  particle 

2.  Shape  of  particle 

3.  Inherent  quality  of  surface  to  resist  wetting,  and 

4.  Films 

It  is  easy  to  show  experimentally,  as  we  also  know  from 
)ractice,  that  some  films  prevent  and  others  promote  flotation, 
ilso  that  these  films  may  be  either  a  solid,  a  liquid  or  a  gas,  or 
m  electric  film,  that  is  to  say,  an  electrostatic  charge.  Now 
lumming  up  the  above,  we  can  state  that  a  substance  specifically 
leavier  than  water  may  be  made  to  float,  provided  the  size  of 
)article  be  small  enough,  of  proper  shape  with  respect  to  size 
md  specific  gravity,  and  provided  it  has  a  surface  film  sufficient 
:o  prevent  wetting,  which  film  may  be  either  a  solid,  a  liquid, 
I  gas  or  an  electrostatic  charge  or  a  combination  of  these.  You 
it  once  see  that  this  statement  is  very  close  to  a  similar  state- 
nent  as  to  the  conditions  producing  colloids,  and  the  study  of 
:olIoids  as  applied  to  flotation  will,  therefore,  doubtless  clear  up 
:he  subject  considerably.  The  main  conclusion  we  have  reached 
n  the  application  of  the  above  to  the  more  complicated  cases  of 
ictual  flotation  practice  is  that  surface  tensions  and  the  resultant 
)f  these  which  determine  wetness  or  non-wetness  of  particles  is 
:he  'how'  of  flotation  or,  in  other  words,  the  immediate  cause  or 


54  Flotation  Process — Rickard 

mechanism  of  the  results,  and  that  the  study  of  colloids  and 
electrostatics  will  furnish  the  'why'  or  the  ultimate  cause. 
Electrostatics  will  very  probably  act  as  one  of  the  explanations 
of  wetness  or  non-wetness,  and  also  possibly  as  one  of  the  ex- 
planations for  the  attachment  of  films.  The  study  of  flotation 
oils  at  first  glance  also  seems  hopeless  in  view  of  the  number  of 
these  and  the  number  of  possible  combinations,  but  we  can  also 
simplify  this  very  much  if  we  consider  them  from  the  standpoint 
of  their  functions. 

Their  main  functions  are  evidently  two : 

1.  To  furnish  a  non-wet  film  on  the  particle 

2.  To  furnish  a  froth  by  reducing  the  surface  tension 

This  at  once  gives  us  a  classification  of  oils  into  two  kinds 
with  respect  to  these  functions — 

1.  Oilers 

2.  Foamers 

and  by  taking  into  account  also  the  interaction  of  physical 
qualities  of  one  on  the  other  in  a  mixture,  we  can  have  a  some- 
what rational  basis  for  their  study. 

What  we  apparently  have  not  so  far  obtained  and  need  very 
much  is  a  definite  understanding  and  statement  of  the  specific 
physical  qualities  of  the  oils  themselves,  which  they  need  tc 
enable  them  to  fulfil  these  functions,  and  as  a  result  of  this,  c 
rational  and  scientific  method  of  testing  for  their  selection  and 
use. 


Dr.  Alfred  Stansfield — In  reference  to  the  study  of  soap  •  i 
bubbles  and  their  relation  to  flotation  I  have  never  been  able  to 
rid  myself  of  the  idea  that  the  reason  soap  bubbles  stick  togethei 
is  because  of  the  stickiness  of  them. 


I 


Mr.  H.  W.  Du  Bois: — I  also  should  like  to  express  my 
appreciation  of  the  value  of  Mr.  Rickard's  paper,  and  of  the  ad- 
mirable manner  in  which  he  has  presented  the  facts.  The 
phenomena  of  flotation  are  apparently  so  simple  that  until  quite 
recently  investigation  in  this  direction  has  been  disregarded.  Il 
may,  perhaps,  be  noted  that  whereas  according  to  Biblical  teach- !;: 
ing  the  spreading  of  oil  on  water  is  supposed  to  cause  its  troubling 
to  cease,  in  the  case  of  flotation,  oil  is  a  chief  source  of  trouble. 
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While  one  or  two  statements  made  by  Mr.  Rickard  appear  to 
me  to  be  contradictory,  he  has  succeeded  in  his  paper  in  presenting 
the  whole  matter  in  a  very  clear  and  understandable  fashion, 
which  in  view  of  the  befuddlement  caused  in  the  past  by  the 
writings  of  partisan  experts,  represents  a  distinct  service  to  the 
profession.  Hoover,  in  the  first  edition  of  his  book  on  flotation 
published  in  1911-12,  stated  that  it  was  impossible  to  treat  by 
this  process  ores  containing  chalcocite  or  bornite.  Chalcocite, 
however,  is  readily  flotable;  although  bornite  presents  a  more 
difficult  problem,  for  bornite  is  invariably  accompanied  by  a  sur- 
face film,  ordinarily  considered  now  to  be  'limonite,'  and  this 
prevents  the  oil  from  coming  into  contact  with  the  mineral  par- 
ticle. In  an  attempt  to  overcome  the  film  effect  on  their  oxidized 
ores,  the  Braden  Copper  Company  started  introducing  the  oil 
during  the  crushing  period,  so  that  a  more  intimate  contact  was 
obtained  while  the  mineral  surfaces  were  fresh.  They  found 
that  it  was  possible  to  greatly  increase  the  recovery  in  this  way 
on  all  ores  containing  oxides  or  minerals  with  drusy  surfaces,  but 
recovery  is  by  no  means  good  even  yet.  When  the  feed  is  low 
grade  the  loss  due  to  the  content  of  bornite  is  not  important,  but 
when  high,  as  it  is  in  the  Alaskan  field  (sometimes  20%),  it  is 
most  important.  The  first  attempt  to  overcome  the  effect  of 
this  limonite  film  on  the  Alaskan  bornite  ores  was  a  repetition 
of  Braden's  more  or  less  successful  work — that  is,  by  means  of 
fine  crushing.  But  in  the  present  instance  this  was  a  failure. 
It  is,  of  course,  possible  to  remove  this  'film'  by  using  sulphuric 
acid,  but  in  an  isolated  field  like  Alaska  the  high  cost  of  acid 
makes  its  use  prohibitive.  The  difficulty  of  the  problem  led  to 
a  closer  study  of  the  'reason  for'  flotation,  and  the  electrostatic 
theory  seems  to  be  the  best  explanation  of  the  problem.  Assum- 
ing this  theory  to  be  correct,  then  we  can  say  that  in  flotation  we 
have  a  system  in  which  the  mineral  particles  are  positively 
charged  and  the  gangue  negatively.  The  oil  particles  are  neg- 
atively charged,  and  so  adhere  to  or  'wet'  the  mineral  particles 
and  repel  or  do  not  'wet'  the  gangue  particles.  If  then  weconsider 
that  for  some  reason  bornite  is  negatively  charged,  we  have  at 
once  an  adequate  explanation  of  the  fact  that  bornite  has  been 
unfloatable.  Some  work  has  been  done  along  this  line,  and  it 
has  been  found  that  by  treating  bornite  to  the  fuming  action  of 
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nitric  acid,  it  is  then  readily  flotable.  This  is  simply  a  change  of 
polarity  due  to  high  temperature,  the  negatively  charged  bornite 
becomes  positively  charged  and  is  immediately  'wetted'  by  the  oil 
and  floats.  It  is  hoped  that  a  further  study  along  lines  sug- 
gested by  the  electrostatic  theory  will  yield  very  important  com- 
mercial results.  I  may  add  that  a  number  of  companies  control 
the  feed  to  the  flotation  unit  and  keep  it  low  in  order  to  get  high 
extraction.  This  poss'bly  is  correct,  but  their  experience  with 
high-grade  ores  has  been  that  this  is  entirely  unnecessary. 


RECENT  IMPROVEMENTS  IN  CONCENTRATION 

AT  THE  WASHOE  REDUCTION  WORKS, 

ANACONDA,  MONTANA 

By  E.  P.  Mathewson,  Manager  Reduction  Works 

Annual  Meeting,  Ottawa,  1916. 

On  January  25th,  1916,  the  last  section  of  the  remodeled 
concentrator  of  the  Washoe  Reduction  Works,  Anaconda, 
Montana,  was  placed  in  commission. 

Water  concentration  has  been  retained  for  everything 
above  2  mm.  in  diameter, — which  is  the  maximum  size  of 
material  sent  to  Hardinge  mills  for  regrinding.  The  product 
of  the  Hardinge  mills  is  treated  by  the  Minerals  Separation 
Company's  flotation  process.  The  concentrator  consists  of 
eight  sections,  each  having  a  capacity  of  2,000  tons  of  feed 
daily,  or  allowing  for  repairs,  etc.,  a  total  average  capacity  for 
the  entire  mill  of  15,000  tons. 

In  the  crushing  department  there  is  no  essential  change 
and  the  Hartz  jigs  and  the  upper  tier  of  the  Evans  jigs  are  as 
before.  The  two  lower  tiers  of  Evans  jigs  have  been  taken  out 
and  one  set  of  eighteen  Wilfley  tables,  with  Butchart  rififles, 
substituted  therefor.  These  tables  are  roughers,  and  finish 
the  water  concentration  of  the  mill. 

The  Hardinge  mills,  which  replace  the  Huntington,  but 
grind  much  finer,  come  next,  and  their  discharge  goes  to  three 
Minerals  Separation  Company's  machines  in  each  section, 
while  the  slime  from  the  upper  part  of  the  mill  (removed  in  the 
overflow  of  Anaconda  classifiers)  is  treated  in  a  fourth  Minerals 
Separation  Company's  machine  after  being  thickened  to  16% 
solids  in  28-feet  dia.  Dorr  thickeners.  The  remainder  of  the 
slime,  with  1,000  tons  daily  from  an  old  deposit,  is  treated  in  a 
special  slimes  flotation  building,  equipped  with  twenty  Minerals 
Separation  Company's  machines.  The  concentrate  from  all  the 
Minerals  Separation  Company's  machines  is  transferred  by 
launders  and  elevators  to  Dorr  thickeners,  50'  dia.  x  12'  deep  and 
thence  to  Oliver  filters.     The  overflow  of  the  thickeners  is  sent 
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to  a  large  settling  pond  to  settle  such  values  in  froth  as  may 
not  have  been  settled  in  the  thickeners.  The  average  grade  of 
the  feed  to  the  mill  is  3%  copper.  Twenty-five  per  cent  of  the 
feed  is  removed  in  the  upper  part  of  the  mill  in  the  form  of 
concentrate  by  water  concentration,  eleven  and  a  half  per  cent 
is  recovered  as  concentrate  from  the  flotation  machines. 

ANACONDA  COPPER  MINING  COMPANY 
SLIME  FLOTATION    PLANT  AT  ANACONDA 


Dump  Slime  20%   moisture   (1000)    [50.000| 

Lidgerwood  Cableway 

I 

R.R.  Cars 

— r~ 

Bins 


Conveyor 

2  Disintegrators  (Pug  Mills) 

—i 

Lonveyor 


Hardinge  Mill 


Klevator  (1000)  [960,00O| 

I 
1  rommels  6'  x  .V  (5  mm.  Round  Holes) 


Oversize 


Undersize 


Elevator  (1000)  1960,000) 


NOTES 
This  flowsheet  shows  the  current 
slime  and  pond  slime  mixed 
together  for  treatment.  They 
ma\-,  however,  be  treated 
separately. 

The  figures  in  circles  denote  the 
number  of  machines;  those  in 
brackets  the  gallons  of  water 
|)er  2+  hours;  and  those  in 
parenthesis  (he  number  of 
tons  of  solids  in  24  hours. 


Current  Slime  from   Mill   (2000)    [2,750,0001 

-T 


Total  Slime  (3000)  13,710,000| 


Feed  Distributors 

I 

19  M.S.  Flotation  Machines  15  Agit,  14  Boxes 
, (3,600)  [5,006,000] 


[270,0001     [720.0001 


Tailint;  Concentrate 

(2325)  [3,062,0001  (675)  [918,000] 

T^       ^ ' 

Aut.  Sampler        ,2  Elevator        2  Elevator 
I  (675)  [918,000]    r~^ 

Waste  I 

5  Dorr  Tanks  50'  x  12'  (675)  1918.0001 

Spigot  (675)  [162,000]          Ovefflow  [756,000] 
J J 

2  Elevator  (1  Spare)  To  Pond 

—J  

2  Elovaior  (1  Spare) 

*  ) 

6  01i\eh  Filters  12^  ,v;  115' 


iddlin 


Middlmg 
(600)  [1,296,000] 


Cake  (675)  (30,0001 

7^ 

<-onveyor 


l>oaster  Plant 


Filtrate  [132,000] 

J~ 

To  Pdnd 


The  following  quantities  of  re- 
agents  will    be    use<l  I-I2SO4 
(60^B),  about  12  lbs  per  ton 
of  solids. 
Crude  wood  creosote,  alx)ut 

2.5  lbs  yxT  ton  of  solids. 
Kerosene  sludge  acid,  about 
2.5  lbs   per   ton  of  solids. 
The  pulp  will  be  heated  to 
about  60°  to  70°  F. 
Cooling  water  from  the  roaster 
plant    at    a    temperature   of 
about  175^  F.  will  be  added 
to  the  slime  pulp  bringing  the 
temperature  of  the  latter  up 
to  about  70°  F 
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The  average  tailing  (slime  and  sand)  runs  0.15%  coppei 
This,  after  allowing  for  loss  in  overflows  and  leakage,  gives 
net  recovery  in  form  of  concentrate  of  96%  of  the  coppe] 
in  the  original  ore.  The  tailing  from  the  flotation  machine! 
has  been  found  to  be  quite  suitable  for  the  manufacture  o] 
building  brick,  and  a  plant  with  the  capacity  of  17,000  bricl 
daily  is  now  utilising  this  material. 


Evans  Jigs. 

The  equipment  for  each  of  the  seven  sections  of  the  Con- 
centrator is  as  follows: 


1 
2 
6 
6 

12 
4 

18 
6 


12  X  24  inch  Blake  crusher; 

8  X  20  inch  Blake  crushers; 

coarse  concentrate  Hartz  jigs; 

f-inch  concentrate  Evans  jigs; 

fine  concentrate  Evans  jigs; 

sets  of  55  X  24-inch  rolls; 

Wilfley  tables  using  Butchart  system  of  riffling; 

8'  Anaconda  classifiers; 
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6  7Y  X  72"  Hardinge  mills  (with  individual  225  H.P. 
motors)  using  steel  lining  and  steel  balls; 

6  Dorr  Simplex  classifiers  in  closed  circuit  with  Har- 
dinge mills; 

4  Mineral  Separation  Company's  flotation  machines, 
having  15  agitators  and  14  spitzkasten  each,  and 
individual  150  H-P  motors;  and  the  necessary 
elevators,  trommels  and  dewatering  tanks. 

Section  No.  1  has  four  fine  concentrate  Hancock  jigs, 
instead  of  Evans  jigs  and  uses  8  feet  x  12  feet  tube  mills  instead 
of  Hardinge  mills.  The  balance  of  the  equipment  is  practically 
the  same  as  above. 

The  product  of  water  concentration  is  drained  in  suitable 
tanks  and  then  transferred  in  cars  to  the  smelters 

The  concentrate  from  the  Minerals  Separation  Company's 
machines  is  thickened  in  Dorr  thickeners,  (50  feet  in  diameter, 
and  12  feet  in  depth),  and  the  thickened  material  is  filtered  in 
Oliver  filters,  from  which  it  is  conveyed  on  belts  to  the  roasting 
plant.  The  tailing  is  sluiced  to  the  dump  by  waste  water  from 
the  mill. 

The  horse  power  required  per  ton  of  ore,  is  0.96  divided  as 
follows : 

Horse 
Power 

Feeding  and  coarse  crushing 125 

Roll  crushing 220 

Jigging 60 

Screening 37 

Conveying  and  elevating 237 

Table  concentration 25 

Fine  grinding 655 

Flotation  of  sands  and  slimes  in  mill 426 

Dewatering  mill  slime  pulp 3 

Flotation  of  slime  in  slime  division 109 

Dewatering  flotation  concentrate 25 

Sampling  and  assaying 1 

Total  horse  power 1923 

Tonnage  daily 2000 
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The  Mineral  Separation  Company's  Flotation  Machine 
AT  the  Washoe  Concentrator 

The  feed  is  introduced  into  the  first  agitator  box  at  the 
motor  end  of  the  machine.  From  this  box,  it  passes  to  the 
second  box,  through  an  opening  in  the  partition,  which  is 
numbered  one  on  the  elevation  drawings  from  this  second 
agitating  compartment,  the  pulp  passes  into  the  first  spitz- 
kasten  where  the  first  concentrate  froth  is  removed  bv  means 


Mineral  Separation  Co's.  Flotation  Machines. 

of  a  paddle,  and  the  remaining  pulp  passes  through  a  pipe — 
the  inlet  to  which  is  controlled  by  valve — to  the  third  agitating 
box;  from  this  agitating  box,  the  pulp  passes  to  the  second 
spitzkasten,  and  so  on,  down  through  the  machine  until  the 
pulp  is  introduced  into  the  fourteenth  spitzkasten.  The  dis- 
charge from  the  fourteenth,  or  last,  spitzkasten  leaves  the 
machine  as  tailing.  The  first  four  to  seven  spitzkastens  make 
a  finished  concentrate,  and  the  remaining  spitzkastens  make  a 
middling  which  is  returned  to  the  system. 
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The  drawing  shows  a  double  machine,  each  machine, 
however,  is  run  as  a  separate  unit.  The  line  shaft  is  driven 
by  a  150  h.p.  motor  at  a  speed  of  385  r.p.m.  The  machine 
under  load  requires  about  100  h.p.  The  vertical  shaft  carry- 
ing the  impellers  revolves  at  a  speed  of  223  r.p.m.  These 
impellers  are  the  usual  Mineral  Separation  type,  having  four 
blades  placed  at  an  angle  of  45"  to  the  vertical.  The  impellers 
are  two  feet  in  diameter.  Each  pair  of  impellers  is  arranged 
so  that  one  impeller  revolves  in  a  direction  contrary  to  that  of 
the  other  which  tends  to  balance  the  side  thrust  on  the  line 
shaft.  The  bevel  gears  which  drive  the  impeller  shafts  are  of  cut 
steel  and  run  in  grease.  The  impeller  shaft  is  supported,  both 
vertically  and  horizontally,  by  ball-bearings. 


Section  Mineral  Separation  Go's.  Flotation  Machines. 


Some  of  these  machines  have  now  been  in  operation  for 
very  nearly  a  year,  and  so  far,  it  has  not  been  necessary  to 
change  any  of  the  gears. 
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We  have  found  it  an  advantage  in  some  cases,  to  place 
the  motor  on  the  other  end  of  the  machine  from  that  shown 
in  the  drawing,  especially  if  it  is  necessary  to  heat  the  pulp 
above  lOOF.  As  steam  arises  from  the  pulp,  especially  at 
the  feed  end,  and  condenses  on  the  motors,  this  trouble  is  prac- 
tically eliminated  by  placing  the  motor  at  the  discharge  end. 


FLOTATION  CONCENTR.\TION  AT   ANACONDA, 
MONTANA.* 

By  Frederick  Laist,  b.s.,  and  Albert  E.  Wiggin,  b.s. 
Anaconda,  Mont. 

i.  experimental  flotation  concentration 

Early  in  1914  it  was  decided  to  test,  on  a  fairly  large  scale, 
the  treatment  by  flotation  of  Anaconda  slime  and  mill  tailing. 
For  this  purpose  a  standard-type  Minerals  Separation  machine 
was  installed  at  the  Washoe  Reduction  Works  during  May  and 
June,  1914.  This  was  followed  by  the  installation  of  a  full-size 
Callow  pneumatic  machine  plant.  Experiments  were  also  made, 
on  a  smaller  scale,  with  the  Froment,  the  Towne,  the  Fields,  and 
the  Anaconda  flotation  machines.  The  last-named  machine 
was  developed  at  this  plant.  In  addition  to  the  tests  made  in 
the  standard-type  Minerals  Separation  machine  some  tests  were 
made  using  a  Minerals  Separation  machine  of  the  sub-aeration 
type. 

During  the  series  of  experiments  a  large  variety  of  oils  was 
tested.  Experiments  were  also  conducted  using  both  round- 
table  feed  and  tailing  to  determine  whether  it  w^ould  be  better 
to  displace  the  round  tables  by  flotation  for  the  treatment  of  the 
slime,  or  to  supplement  the  round  tables  by  flotation  of  the 
round-table  tailing. 

A  series  of  tests  was  also  made  on  the  treatment  of  the  mill 
tailing  by  grinding  followed  by  flotation  to  determine  the  rela- 
tive merits  of  flotation  and  leaching  for  the  treatment  of  this 
product.  In  addition,  flotation  tests  were  made  on  mixtures 
of  mill  tailing  and  slime. 

The  round-table  feed  referred  to  above  is  the  total  slime 
from  the  mill.  It  contains  about  35  per  cent  colloidal  solids,  and 
approximately  90  to  95  per  cent  of  the  total  solids  will  pass 
through  200  mesh  (0.067  mm.).  It  assays  from  2.3  to  2.6  per 
cent  Cu. 


*Presented  also,  by  joint  [agreement,  before  the  American  Institute  of 
Mining  Engineers. 

(67) 


68  Flotation  at  Anaconda — Laist  and  Wiggin 

The  mill  tailing  referred  to  above  is  the  total  discard  from 
the  mill,  exclusive  of  the  slime.  It  is  all  finer  than  2mm.  and 
about  90  to  95  per  cent,  will  remain  on  0.25  mm.  It  assays 
about  0.60  per  cent  Cu. 

A  brief  summary  of  the  experimental  flotation  results 
follows : 

Preliminary  Tests 

A  series  of  tests  was  first  carried  out  to  determine  roughly^ 
the  best  conditions  for  flotation,  using  the  standard  Minerals 
Separation  machine  and  treating  round-table  feed.  The  follow- 
ing reagents  were  tested  either  alone,  or  in  combinations:  Tur- 
pentine, crude  oil,  cresylic  acid,  stove  oil,  tar  oil,  Carolina  oil  of 
tar,  argols,  sludge  acid,  fuel  oil,  wood  creosote,  and  sulphuric 
acid.  In  some  of  these  tests  sulphuric  acid  was  used  and  in 
others  it  was  omitted.  Also,  the  effect  of  the  temperature  of 
the  pulp  upon  the  flotation  results  was  tested  by  heating  to  vari- 
ous temperatures. 

As  these  tests  were  merely  preliminary,  no  record  was  kept 
of  the  amount  of  reagents  used.  It  was  conclusively  proved, 
however,  that  the  best  combination  of  reagents  was  sludge  acid, 
wood  creosote,  stove  oil,  and  sulphuric  acid.  Fortunately,  of 
all  the  reagents  tested,  these  happened  to  be  the  cheapest.  It 
was  also  proved  that  the  addition  of  sulphuric  acid  to  the  pulp 
was  of  decided  advantage  in  the  treatment  of  the  slime.  In 
two  successive  tests  in  which  sludge  acid,  wood  creosote,  and 
stove  oil  were  used,  the  tailing  assayed  1.25  per  cent  Cu  when 
no  acid  was  used,  and  0.3  per  cent  Cu  when  acid  was  used.  Since 
these  tests  were  made  we  have  omitted  the  use  of  stove  oil. 

A.    Tests  with  Standard  Minerals  Separation  Machine 

This  machine,  with  the  accessory  apparatus,  was  installed 
in  a  separate  building,  south  of  the  round-table  plant.  It  had 
16  agitator  compartments,  each  2  ft.  square,  and  14  spitzkasten, 
and  was  of  the  standard  Minerals  Separation  design.  This 
machine  is  known  by  us  as  M.  S.  Machine  No.  1.  The  agitators 
were  of  the  standard  Minerals  Separation  type,  the  impellers 
being    18    in.    in  diameter  and  the  agitators  making  265  r.p.m. 
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This  gave  the  impellers  a  peripheral  speed  of  1,245  ft.  per 
minute.  The  machine  required  45  to  55  hp.,  including  motor 
and  belt  transmission  loss,  when  operating  under  a  full  load  of 
slime  pulp. 

We  wish,  at  this  point,  to  express  our  appreciation  of  the  able 
manner  in  which  the  experimental  work  on  the  Minerals  Separa- 
tion machine  was  carried  out  by  George  A.  Chapman,  and  staff, 
of  the  Minerals  Separation  Co. 

The  first  products  to  be  tested  were  the  round-table  feed 
and    tailing. 

1.   Treatment  of  Round-Table  Feed  and  Tailing 

(a)  Round-Table  Feed.  Normal  Tonnage  {60  Tons).  Pulp 
Heated  to  70°to  90° F. — The  reagents  used  in  Periods  2  and  11 
were  sludge  acid  kerosene  (M.  S.  37),  crude  wood  creosote  (M.S. 
3i),  stove  oil  (M.  S.  8),  and  sulphuric  acid.  The  reagents  in 
Period  20  were  the  same,  except  that  the  wood  creosote  was 
obtained  from  the  Pensacola  Tar  &  Turpentine  Co.,  instead  of 
from  the  Cleveland-Cliffs  Co.  The  creosote  from  the  Cleve- 
land-Cliffs Co.,  known  as  M.  S.  33,  is  a  derivative  from  hard 
pine,  while  that  from  the  Pensacola  Co.  is  derived  from  a  soft 
pine.  The  sludge  acid  kerosene  is  a  byproduct  from  the  dis- 
tillation and  purification  of  kerosene,  and  that  known  as  M.  S. 
37  is  derived  from  California  crude  oil  by  the  Union  Oil  Co. 
The  stove  oil,  known  as  M.  S.  8,  is  from  the  Standard  Oil  Co.  of 
California,  and  seems  to  be  largely  kerosene. 

Period  2,  in  which  the  pulp  was  heated  to  an  average  tem- 
perature of  89°F.,  gave  a  tailing  running  0.23  per  cent  Cu,  with 
a    fair   grade    of   concentrate. 

Period  11,  in  which  more  creosote  was  used,  all  other  con- 
ditions remaining  as  in  Period  2,  gave  a  tailing  assaying  0.27 
per  cent  Cu,  with  a  slightly  better  grade  of  concentrate.  It 
should  be  noted,  however,  that  it  is  not  characteristic  of  creosote 
to  give  a  clean  concentrate,  it  being  rather  a  good  'tailing'  oil 
and  the  slight  increase  in  the  grade  of  concentrate  should  not  be 
attributed  to  the  increase  in  the  amount  of  creosote  used,  but 
rather  to  a  difference  in  operation  of  the  machine. 
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Period  20,  in  which  Pensacola  creosote  was  used,  shows  an 
average  tailing  of  0.33  per  cent  Cu,  and  a  very  clean  concentrate. 
It  should  be  noted  that  considerably  less  creosote  was  used 
than  in  Period  11.  The  decided  increase  in  the  grade  of  con- 
centrate is  not  due  to  the  substitution  of  Pensacola  creosote  for 
Cleveland-Cliffs  creosote,  but  rather  to  differences  in  operation. 

(b)  Round-Table  Feed.  Pulp  not  Heated. — During  Periods  3 
and  10,  the  pulp  was  not  heated,  but  treated  at  a  temperature 
of  SOT,  The  tests  were  made  during  the  summer  months;  it 
should  be  noted  that  during  the  winter  months  the  temperature 
of  the  pulp  would  be  about  40°F.,with  a  minimum  of  about  35°F. 
During  Period  3,  the  tailing  assayed  0.32  per  cent  Cu,  with  a  low- 
grade  concentrate,  and  during  Period  10  the  tailing  averaged 
0.42  per  cent  Cu,  with  a  higher  grade  concentrate. 

(c)  Round-Table  Feed.  Pulp  Heated  to  125° F. — Heating  the 
pulp  to  a  temperature  of  125°F.  (Period  4)  gave  a  tailing  of  0.21 
per  cent  Cu  with  a  fair  grade  of  concentrate.  As  Period  2,  in 
which  the  pulp  was  heated  to  90°F.,  gave  a  0.23  per  cent  Cu  tail- 
ing it  is  evident  that  heating  beyond  90°F.  does  not  pay.  In  fact, 
a  careful  study  of  the  tabulated  results  would  indicate  that  it 
does  not  pay  to  heat  above  about  75°F.  The  cost  of  heating 
the  slime  pulp  for  flotation  is  about  IC.  per  ton  of  dry  slime  for 
every  2|°F. 

(d)  Round-Table  Tailing.  Pulp  not  Heated. — The  treat- 
ment of  the  round-table  tailing,  after  dewatering  to  a  density 
of  11.5  per  cent  solids  (Period  5),  gave  a  tailing  of  0.25  per  cent 
Cu  with  a  low-grade  concentrate.  It  was  thought  that  pos- 
sibly the  net  recovery  would  be  sufficiently  more  to  justify  the 
retention  of  the  round  tables  if  the  tailing  from  the  round  table 
instead  of  the  feed  to  the  round  table  were  treated  by  flotation. 

(e)  Round-Table  Tailing.  Pulp  Heated  to  106° F. — It  is  evi- 
dent from  the  result  of  this  test  (Period  6)  that  the  heating  in 
the  case  of  the  round-table  tailing  was  of  no  benefit. 

(/■)  Round-Table  Feed.  High  Density  of  Pulp.  Pulp  Treated 
to  96°F. — The  density  of  the  round-table  feed  was  increased  to 
22.5  per  cent  solids  by  a  second  dewatering  (Period  7).  As  had 
been  expected,  the  increase  in  density  considerably  decreased 
the  oil  consumption  without  decreasing  the  recovery  of  copper 
and  of  course  would  also  decrease  the  expense  of  heating  the  pulp. 
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(g)  Round-Table  Feed.  High  Density  of  Pulp.  High  Ton- 
nage (105  Tons).  Pulp  Heated  to  96° F. — It  was  thought  that 
by  increasing  the  density  of  the  pulp  it  might  be  possible  to  treat 
the  same  volume  of  pulp  per  machine  unit  as  with  the  lower  den- 
sity, and  in  that  way  increase  the  tonnage  of  solids  treated.  The 
tests  under  Period  8,  however,  show  that  any  considerable  in- 
crease in  the  amount  of  feed  to  the  M.  S.  No.  1  machine  over  60 
tons  results  in  a  decided  increase  in  the  tailing  loss. 

(h)  Round-Table  Feed.  High  Density  of  Pulp.  High  Ton- 
nage. Pulp  not  Heated. — The  value  of  heating  the  pulp  in  the 
case  of  high-density  feed  pulp  is  brought  out  by  this  test  (Period 
9),  where  the  tailing  jumped  to  1.28  per  cent  Cu  with  the  ab- 
sence of  heat. 

(i)  Round-Table  Tailing.  High  Pulp  Density.  Pulp  Heated 
to  70'^ F. — This  test  (Period  12)  gave  a  tailing  of  0.45  per  cent 
Cu,  and  a  low-grade  concentrate. 

(j)  Round-Table  Tailing.  Medium  Pulp  Density.  Pulp 
Heated  to  SO°F. — This  test  (Period  13A)  gave  a  good  tailing  as- 
saying but  0.20  per  cent  Cu.  This  would  seem  to  indicate  that 
too  high  a  pulp  density  in  the  treatment  of  the  round-table  tail- 
ing is  a  decided  disadvantage. 

(k)  Round-Table  Tailing.  Medium  Ptdp  Density.  Pidp 
Heated  to  SO°F. — In  this  test  (Period  13B)  no  acid  was  used, 
and  as  a  result  the  tailing  went  up  to  0.96  per  cent  Cu.  Note 
also  the  low  silver  content  of  the  concentrate. 

(l)  Round-Table  Tailing.  Low  Pulp  Density.  Pulp  Heated 
to  70°  to  80°F.— In  (Periods  14A,  B,  C,  and  D)  the  round-table 
tailing  pulp  was  not  dewatered  at  all,  but  treated  directly  at 
a  density  of  about  6  per  cent  solids.  The  tailing  was  good,  rang- 
ing from  0.16  per  cent  Cu  to  0.22  per  cent  Cu,  for  the  four  tests. 
During  Period  4B,  crude  turpentine,  M.  S.  14,  from  the  Georgia 
Fine  Products  Co.,  was  used  in  place  of  Cleveland-Cliffs  creosote; 
during  Period  14C,  crude  wood  creosote  No.  400,  from  the  Pen- 
sacola  Tar  and  Turpentine  Co.,  was  used;  and  during  Period  14D, 
crude  wood  creosote  from  the  Crichton  Pine  Products  Co., 
Ala.,  was  used.  All  of  these  oils  gave  satisfactory  results.  The 
increased  amounts  of  these  oils  used  during  these  tests  were 
undoubtedly  due  to  the  low  density  of  the  pulp,  and  to  the  low 
tonnage  treated. 
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(m)  Round-Table  Feed.  Low  Pulp  Density.  Low  Ton- 
nage (40  to  50  Tons).  Pulp  Heated  from  70°  to  80°/^.— It  was 
thought  that  the  low  taiUng  produced  during  Periods  14A,  B, 
C,  and  D  was  due  to  the  low  tonnage  treated,  and  possibly  to  the 
low  pulp  density,  as  well  as  to  the  fact  that  round-table  tailing 
was  being  treated.  Accordingly,  the  tests  under  Periods  15 A, 
B,  C,  D  and  E  were  made  and  in  these  a  low  tonnage  of  round- 
table  feed  was  treated  with  a  low  pulp  density.  These  tests 
gave  fully  as  good  results  from  the  recovery  standpoint  in  a  con- 
siderably better  grade  of  concentrate  as  those  made  on  the 
round-table  tailing  under  similar  conditions. 

During  Period  15A,  wood  creosote  from  the  Crichton  Pine 
Products  Co.  was  used.  During  Period  15D,  no  creosote  was 
used  and  the  tailing  assay  increased  from  about  0.20  per  cent 
Cu  to  032  per  cent  Cu.  During  Period  15E,  some  creosote  from 
the  Rocker  Timber  Treating  Plant,  near  Butte,  was  used,  but 
gave  a  high  tailing — 0.42  per  cent  Cu.  During  Period  15B,  tar 
creosote  from  the  Butte  Gas  Co.  was  used,  with  apparently  good 
results,  although  the  test  was  too  short  to  be  taken  as  conclusive 
proof  of  the  value  of  this  creosote  as  a  flotation  oil. 

(w)  Round-Table  Feed.  Low  Tonnage  (50  Tons).  Pidp 
Heated  to  70° F. — The  tests  (Period  16A)  gave  a  tailing  running 
0.21  per  cent  Cu,  and  a  fair  grade  of  concentrate. 

(o)  Round-Table  Feed.  Pulp  Heated  to  70° F.  High  Speed 
of  Agitators. — It  was  thought  that  by  increasing  the  speed  of 
the  agitators  the  amount  of  feed  treated  might  be  increased  with- 
out decreasing  the  recovery.  The  first  nine  agitators  were  used 
and  their  speed  was  increased  from  265  r.p.m.  to  363  r.p.m. 
The  test  (Period  16B)  was  of  short  duration,  as  the  machine 
would  have  racked  itself  to  pieces  if  operated  very  long  at  this 
high  speed.  While  the  test  is  too  short  to  be  conclusive,  the 
indications  are  that  the  increased  speed  was  a  detriment  rather 
than  an  advantage  It  is  thought  that  there  is  a  critical  speed 
at  which  the  agitators  should  be  run  for  the  most  efficient  opera- 
tion. If  we  go  above  this  speed  the  power  increases  much  faster 
than  the  capacity,  and  if  we  go  below  it  we  do  not  get  a  proper 
mixing  of  oil  and  acid  with  the  pulp.  With  the  agitators  running 
at  this  speed,  the  nine  cells  required  56  hp.  including  motor  and 
belt    transmission    loss. 
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(/>)  Roiind-Table  Tailing.  Low  Tonnage  (40  Tons).  Pulp 
Heated  to  70° F.  Low  pulp  Density. — These  tests  (Periods  17 
and  18)  show  average  tailings  of  0.22  per  cent  Cu  and  0.26  per 
cent  Cu  respectively.     The  concentrate  is  rather  low  grade. 

(q)  Round-Table  Feed.  High  Tonnage  (90  Tons).  Pulp 
Heated  to  70° F. — The  tests  under  Period  19  gave  a  high  tailing, 
0.43  per  cent  Cu  and  a  good  grade  of  concentrate.  Some  wood 
creosote  from  the  Pensacola  Tar  and  Turpentine  Co.  was  used 
together  with  that  from  the  Cleveland-Cliffs  company.  The 
high  tailing  is  due,  however,  entirely  to  overloading  the  machine. 

Under  Period  23  the  tonnage  treated  was  just  as  high,  the 
grade  of  concentrate  only  a  little  lower,  and  yet  the  tailing  is 
good,  0.25  per  cent  Cu.  This  apparent  discrepancy  between 
these  two  tests  is  explained,  it  is  thought,  by  the  fact  that  the 
slime  produced  in  the  mill  was  considerably  more  granular  dur- 
ing the  tests  under  Period  23  than  during  those  under  Period  19. 

(r)  Round-Table  Feed.  Low  Tonnage  (40  Tons).  Pulp 
Heated  to  70° F. — In  this  test  (Period  21),  the  tailing  averaged 
0.25  per  cent  Cu  and  the  concentrate  was  med:um  grade.  No 
Cleveland-Cliffs  creosote  was  used,  all  the  creosote  used  being 
from  the  Pensacola  company.  The  tailing  is  practically  no  better 
with  this  low  tonnage  (40  tons)  than  under  Period  23  with  the 
high  tonnage  (90  tons). 

(s)  Round-Table  Feed.  High  Tonnage  (90  Tons).  Air  Used 
in  Last  Spitzkasten. — It  was  thought  that  the  introduction  of 
air  in  the  bottom  of  the  last  spitzkasten  might  increase  the 
capacity  of  the  machine  and  at  the  same  time  maintain  the 
same  mineral  recovery.  At  first  it  seemed  as  though  the  in- 
troduction of  the  air  (Period  22  )had  resulted  in  a  considerable 
increase  in  the  capacity  of  the  machine,  but  when  the  tests  un- 
der Period  23  were  made,  in  which  the  air  was  omitted,  it  was 
found  that  it  was  not  the  introduction  of  the  air  which  had  in- 
creased the  tonnage. 

it)  Conclusions. — 1.  The  economic  capacity  of  the  M.S. 
No.  1  machine  when  treating  slime  as  produced  from  the  mill 
at  present  (May  1,  1915)  seems  to  be  from  80  to  90  tons. 

2.  The  best  combination  of  reagents  for  the  treatment  of 
slime  seems  to  be  sulphuric  acid,  kerosene  sludge  acid,  wood  ere- 
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osote  and  stove  oil.  There  is  some  question  as  to  the  real  value 
of  the  stove  oil.  Its  principal  function  seems  to  be  to  make 
a  more  compact  froth. 

3.  It  would  not  be  economical  to  retain  the  round  tables, 
as  the  recovery,  by  treating  the  slime  directly  by  flotation,  is 
just  as  high  as  by  retaining  the  round  tables  and  treating 
the  round-table  tailing  by  flotation.  The  grade  of  concen- 
trate would  probably  be  the  same  in  either  case,  but  any  differ- 
ence would  be  in  favour  of  treating  the  round-table  feed  direct- 
ly by  flotation.  The  heating  of  the  round-table  tailing  pulp, 
on  account  of  its  low  density,  would  increase  the  cost  of  the  flo- 
tation. 

4.  In  treating  the  round-table  feed  directly  by  flotation, 
the  resulting  tailing  should  assay  0.30  per  cent  Cu,  or  less,  with 
a  concentrate  carrying  not  over  40  per  cent  insoluble.  Possibly 
the  concentrate  can  be  made  much  cleaner  with  no  sacrifice  in 
the  recovery. 

5.  It  is  thought  that  the  best  circuit  density  for  the  slime 
pulp  for  flotation  treatment  is  about  12  per  cent  solids. 

6.  It  is  thought  that  about  70°F.  will  be  found  to  be  the 
most  economical  temperature  at  which  to  keep  the  pulp. 

7.  Acid  seems  to  be  absolutely  essential  to  the  successful 
treatment  by  flotation  of  our  slime. 

8.  The  addition  of  air  in  the  last  spitzkasten  is  of  no  ad- 
vantage. 

9.  Any  considerable  increase  in  speed  of  the  agitators  above 
a  peripheral  speed  of  about  1,300  ft.  per  minute  seems  to  be  dis- 
advantageous. 

2.  Treatment  of  Mill  Tailing  after  Grinding  through  Mesh. 

These  tests  were  made  in  the  M.  S.  No.  1  machine.  Mill 
tailing  from  Sections  7  and  8  of  the  concentrator  were  elevated 
and  then  dewatered.  The  dewatered  tailing  was  then  crushed 
through  60  Mesh  (0.25  mm.),  in  either  a  Hardinge  mill  10  by 
4  ft.,  or  a  tube  mill  8  by  12  ft.  The  grinding  mills  were  oper- 
ated in  closed  circuit  with  a  Dorr  classifier,  the  overflow  of  the 
classifier  being  the  final  product  of  the  system  and  going  to  the 
flotation  plant  for  treatment. 
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Following  is  a  screen  sizing  test  of  the  average  final  product 
produced  during  the  test  on  the  Hardinge  mill,  and  is  typical 
of  the  flotation  feed: 


Screen  Sizing  Test  on  Dorr  Classifier  Overflow,  or  Feed  to 
Flotation  Machine 


Screen  Size 

Cumulative 

Per  Cent,   Solids 

Square  Mesh 

Aperature,  Mm.  Square 

+  16 

1.180 

0.3 

+24 

0.730 

1.3 

+40 

0.430 

3.0 

+60 

0.260 

5  8 

+80 

0.210 

12.8 

+  110 

0.130 

38.5 

+  130 

0.110 

42.3 

+  160 

0,085 

54.8 

+200 

0.076 

59.3 

+240 

0.063 

62.8 

—240 

0.063 

37.2 

(a)  Preliminary  Tests. — These  tests  (Period  24)  were  started 
immediately  after  putting  the  Hardinge  mill  in  operation.  At 
first  no  sulphuric  acid  was  added,  and  the  pulp  was  not  heated. 
It  would  be  well  to  note  here  that  the  sludge  acid  kerosene  con- 
tains from  50  to  60  per  cent  sulphuric  acid,  so  that  when  this  oil 
is  used  we  could  not  have  a  non-acid  pulp.  We  found,  however, 
that  the  use  of  acid  in  addition  to  that  contained  in  the  sludge 
was  of  advantage.  Some  very  low  tailings  were  produced  dur- 
ing these  preliminary  tests,  but  the  concentrate  was  very  low 
grade.  It  seemed  to  be  of  decided  advantage  to  add  the  oil 
ahead  of  the  grinding  mill,  the  latter  apparently  making  an 
ideal  agitator. 

However,  as  soon  as  we  began  to  heat  the  pulp  ahead  of 
the  mill,  w^e  found  that  the  acid  in  the  oil  and  the  small  amount 
of  copper  sulphate  formed  began  to  corrode  the  iron  work  of  the 
mill.  This  would  not  be  a  serious  matter  if  we  used  a  pebble 
or  silex-block  lining,  with  pebbles  for  grinding,  but  we  early 
abandoned  the  idea  of  using  silex,  or  pebble  linings,  and  there 
was  a  good  chance  that  as  a  grinding  medium  we  w^ould  find 
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iron  balls  superior  to  pebbles.  This,  of  course,  precluded  the 
use  of  any  acid,  or  acid  oil,  ahead  of  the  grinding  mill,  especially 
if  the  pulp  was  heated. 

It  is  barely  possible  that  we  might  find  the  action  of  the 
sludge  acid  kerosene  in  a  cold  circuit  so  slight  that  it  could  be 
neglected,  even  though  we  used  steel  lining  and  steel  balls.  It 
would  be  a  decided  advantage  to  add  the  oil  ahead  of  the 
grinder. 

(b)  Low  Tonnage  (125  Tons).  Pulp  Heated  to  70° F.  Oil  and 
Acid  added  in  M.  S.  Machine.  Acid  Circuit. — The  tailing  pro- 
duced during  this  period  (No.  25)  averaged  0.07  per  cent  Cu. 
The  concentrate  was  too  siliceous,  averaging  40.1  per  cent  insolu- 
ble. The  only  reagents  used  were  sulphuric  acid  and  sludge 
acid  kerosene.  It  should  be  noted  that  the  product  tieated 
during  this  period  contained  only  3.1  per  cent  on  80  mesh  (0.20 
mm.). 

(c)  High  Tonnage  (187  Tons).  Same  Conditions  as  under 
(b)  except  that  Flotation  Machine  was  Divided  into  Two  Parts, 
making  a  Primary  and  a  Secondary  Machine,  the  Secondary  Ma- 
chine being  used  to  Clean  the  Concentrate  from  the  Primary  Ma- 
chine.— The  flow  sheet  was  as  follows:  The  feed  pulp  was  put 
into  the  sixth  agitator  cell,  thus  making  the  last  eleven  cells  act 
as  a  primary  machine.  The  concentrate  from  the  first  six  boxes  of 
the  primary  machine  was  returned  to  the  first  three  boxes  of 
the  original  machine  through  the  two  pre-agitators.  The  over- 
flow from  the  remaining  five  boxes  of  the  primary  machine  was 
returned  to  the  original  feed.  The  last  cell  made  the  usual 
tailing.  The  secondary  machine  made  a  final  concentrate  and 
a  middling  which  was  returned  to  the  circuit.  The  chief  reagents 
used  were  sludge  acid  kerosene  and  sulphuric  acid.  Small 
amounts  of  creosote  were  used  during  part  of  the  test,  but  it 
seemed  to  be  of  no  particular  advantage.  During  two  days, 
sludge  acid  kerosene  from  the  Standard  Oil  Co.  of  California  was 
used  with  good  results. 

The  tailing  during  this  period  (N.  26)  averaged  0.11  per 
cent  Cu,  and  the  concentrate  averaged  26.9  per  cent  insoluble. 
It  is  thought  that  this  is  about  typical  of  the  results  we  may  ex- 
pect from  a  commerical  installation.  It  should  be  noted  that 
14.4  per  cent  of  the  flotation  feed  remained  on  an  80-mesh  screen 
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(0.2mm.).  Finer  grinding  would  undoubtedly  result  in  a  lower 
tailing  assay,  but  we  must,  of  course,  set  against  the  increased 
copper  recovery  the  cost  of  the  finer  grinding. 

It  would  be  well  to  call  attention  to  the  fact  that  all  averages 
shown  in  these  flotation  tabulations  are  arithmetical  and  not 
geometrical.  It  was  found  that  the  arithmetical  average  prac- 
tically checked  the  geometrical  in  the  test  cases,  and  as  the  geo- 
metrical averages  would  have  involved  a  great  deal  of  extra  work 
it  was  considered  not  worth  while  to  average  the  results  geo- 
metrically. For  example,  Period  26  was  averaged  geometrically 
and  gave  a  tailing  assay  of  0.109  per  cent  Cu  against  the  arith- 
metical average  of  0.11  per  cent  Cu.  The  concentrate  averaged 
7.777  per  cent  Cu  geometrically,  and  7.82  per  cent  Cu  arith- 
metically. As  the  daily  variations  in  tonnage  and  assays  are 
considerable  during  this  period,  we  would  expect  to  find  the  arith- 
metical and  geometrical  averages  diverging  more  than  during 
the  other  periods  in  which  the  variations  are  not  so  great. 

{d)  Low  Tonnage.  (124  Tons).  Same  Conditions  as  un- 
der (c)  except  Turpentine  (M.  S.  14)  added  ahead  of  Grinding  Mill, 
and  no  Sludge  Acid  Kerosene  used.  Pulp  Heated  to  about  70° F. — 
In  this  test  (Period  27)  it  was  endeavoured  to  take  advantage  of 
the  grinding  mill  as  an  agitator  and  for  this  reason  a  neutral 
reagent,  turpentine,  was  used.  The  tailing  is  high,  0.12  per  cent 
Cu,  considering  the  comparatively  low  tonnage  of  feed  and  the 
fact  that  only  5.2  per  cent  of  the  feed  was  coarser  than  80  mesh. 
The  same  flow  sheet  was  used  as  during  Period  26. 

(e)  Low  Tonnage  (106  Tons).  Oil  added  ahead  of  Grinding 
Mill.  Non-Acid  Circuit.  Pulp  Heated  to  about  75°F.  Various 
mixtures  of  crude  turpentine,  creosote  and  pine  oil  used  during 
these  tests.  The  mixtures  contained  from  60  to  70  per  cent  crude 
turpentine;  21  to  32.5  per  cent  creosote;  2.5  to  15  per  cent  pine  oil. 
— The  tailing  produced  during  this  period  was  fairly  good,  aver- 
aging 0.09  per  cent  Cu,  but  the  grade  of  concentrate  was  not 
good,  averaging  41.5  per  cent  insoluble. 

(/)  Conclusions. — 1.  Although  not  definitely  demonstrated, 
it  is  thought  that  the  economical  capacity  of  the  M.  S.  No.  1 
machine  when  treating  sand  tailing  crushed  through  60  mesh  is 
about  175  to  200  tons  per  24  hrs. 
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2.  The  best  combination  of  reagents  seems  to  be  sludge  acid 
kerosene  and  sulphuric  acid.  However,  a  mixture  of  creosote, 
turpentine,  and  pine  oil,  in  a  non-acid  circuit  gave  good  results 
also.  The  non-acid  circuit,  however,  seems  to  require  more  deli- 
cate adjustment  and  more  careful  attendance  than  the  acid 
circuit. 

3.  The  grinding  mill  makes  an  ideal  agitator,  and  it  is  of 
decided  advantage  to  add  the  oil  ahead  of  the  grinders. 

4.  The  treatment  of  the  mill  sand  tailing  ground  through  60 
mesh  should  result  in  a  tailing  assaying  not  over  0.10  per  cent 
Cu  and  a  concentrate  carrying  not  over  30  per  cent  insoluble. 

5.  It  is  thought  that  the  best  density  of  pulp  is  from  25  to 
30  per  cent  solids. 

6.  Heating  of  the  pulp  to  about  70°F.  seems  to  be  of  ad- 
vantage, although  there  is  a  possibility  that  this  heating  may 
be  dispensed  with  during  the  summer  months  without  any  in- 
jurious  results. 

7.  Acid  seems  to  be  beneficial  but  it  is  not  of  as  much  im- 
portance as  in  the  treatment  of  the  slime. 

3.  Treatment  of  Mixture  of  Round-Table  Feed  and  Mill  Tail- 
ing after  Grinding  through  60  Mesh 

These  tests  were  made  in  the  M.  S.  No.  1  machine.  It  was 
thought  that  it  might  be  of  advantage  to  mix  the  slime  and  the 
reground  mill  tailing  for  flotation  treatment.  The  acid  sludge 
kerosene,  turpentine  and  the  sulphuric  acid  used  were  added  in 
the  flotation  machine.  In  same  instances,  various  mixtures  of 
coal  tar  (70  to  80  per  cent),  creosote  (17.5  to  22.5  per  cent),  and 
pine  oil  (2.5  to  7.5  per  cent)  were  used  with  the  sludge  acid 
These  were  added  ahead  of  the  grinding  mill. 

The  average  proportion  of  sand  tailing  to  slime  in  the  mix- 
ture treated  was  75.7  to  20.1,  or  3.8  to  1.  In  practice,  the  pro- 
portion of  production  of  tailing  to  slime  is  about  3  to  1 ;  thus  our 
mixture  was  somewhat  deficient  in  slime.  The  concentrate 
produced,  34.1  per  cent  insoluble,  is  of  a  good  grade,  but  the 
tailing  is  high,  0.20  per  cent  Cu.  Theoretically,  the  tailing 
should  have  assayed  about  0.15  per  cent  Cu,  assuming  a  0.10 
per  cent  Cu  tailing  from  the  sand  tailing  and  0.30  per  cent  Cu 
tailing  from  the  slime. 
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Although  this  test  was  not  conclusive,  it  was  decided,  from 
observation,  that  it  is  better  to  treat  the  slime  and  the  sand 
tailing  separately.  Of  course,  the  slime  which  is  made  in  the 
grinding  of  the  sand  tailing  is  included  in  the  sand  tailing  for 
treatment.  This  slime  produced  in  grinding  the  tailing  is  much 
lower  grade  and  more  siliceous  than  the  original  mill  slime. 

B.  Tests  with  Minerals  Separation  Machine  of 
Sub-aeration  Type 

1.  Treatment  of  Round-Table  Feed  and  Tailing 

This  machine  was  sent  here  by  the  Minerals  Separation 
Co.,  and  was  set  up  and  tested  at  its  request. 

The  principal  difference  between  this  and  the  No.  1  ma- 
chine is  that  air  is  introduced  at  the  bottom  of  the  agitator  com- 
partment. The  agitator  was  of  the  Howard  type,  practically 
a  'balanced'  pump  impeller  run  backward,  and  each  shaft 
had  two  impellers,  one  placed  above  the  other  and  separated 
by  a  stationary  grid.  There  was  also  another  grid  above  the  top 
impeller.  There  were  four  agitator  compartments  and  four 
spitzkasten.  The  agitators  made  185  r.p.m.  At  first  it  was 
planned  to  suck  air  from  the  atmosphere  by  the  action  of  the  im- 
pellers. This  did  not  work,  however,  and  it  was  found  neces- 
sary to  force  air  into  the  cells  under  a  few  pounds  pressure.  The 
feed  was  introduced  through  the  bottom  of  the  first  agitator 
cell.  The  laundering  was  arranged  so  that  as  many  spitzkasten 
as  desired  could  be  sent  to  finished  concentrate,  the  remainder 
going  to  middling  and  being  returned  to  the  machine.  This 
machine  required  47  hp.  under  a  full  load  of  slime,  including 
motor-  and  belt- transmission  loss. 

Two  tests  were  made,  one  treating  round-table  feed,  and 
one  treating  round-table  tailing.  The  results  of  these  tests  are 
shown  in  Periods  30  and  31  in  the  tables.  It  may  be  possible 
to  develop  an  efficient  machine  of  this  type,  but  the  particular 
machine  sent  here  for  testing  was  certainly  not  satisfactory. 

A  later  test  was  made  in  which  the  spitzkasten  were  dis- 
pensed with  and  the  froth  was  taken  directly  off  the  top  of  the 
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agitator  cells.  Under  these  conditions,  the  four  agitators  seemed 
to  create  too  much  disturbance  for  the  proper  removal  of  the 
froth,  and  only  two  agitators,  the  first  and  third  were  operated. 
These  modifications  did  not  improve  the  work  of  the  machine. 
The  results  of  this  test  are  shown  below.  This  modified  ma- 
chine was  called  No.  2  A. 

C.  Tests  with  Callow  Pneumatic  Machine 

Tests  made  by  Mr.  Callow  at  his  laboratory  in  Salt  Lake 
on  samples  of  our  mill  tailing  ground  through  40,  60,  and  80  mesh, 
and  of  our  slime,  had  given  such  promising  results  that  it  was 
decided  to  try  out  the  Callow  machine  on  a  commercial  scale. 
Accordingly,  there  was  shipped  here  during  September,  1914,  five 
standard  Callow  cells,  2  by  8  ft.,  a  Pachuca  agitating  tank,  and 
accessory  apparatus,  consisting  of  blower  and  sand  pumps. 
This  equipment  was  installed  in  the  old  80-ton  experimental 
leaching  plant  and  was  ready  for  operation  the  latter  part  of 
October. 

In  addition  to  the  Pachuca  agitator  recommended  by  Mr. 
Callow,  we  built  a  set  of  two  mechanical  agitators.  These 
agitators  consisted  of  a  tank  about  10  ft.  long  by  23^  ft.  wide  and 
2^  ft.  deep,  in  which  revolved  a  horizontal  shaft  carrying  a  set 
of  paddles.  These  agitators  were  belt  driven  from  one  motor 
and  required  a  total  of  25  to  30  hp.,  including  motor,  belt,  and 
countershaft  power  loss.  The  agitators  seemed  to  work  well 
and  had  a  combined  capacity  of  about  60  tons  of  slime  per  24  hr. 

Power  readings  made  on  the  blower  which  furnished  the  air 
for  the  five  Callow  cells  gave  the  following  results: 


Air  Pressure, 
Pounds 

Input  to  Motor, 
Hp. 

Shaftine, 
Hp. 

Net  to  Blower,* 
Hp. 

4 
5 
6 

25.8 
35.4 
47.4 

8.8 
8.8 
8.8 

17.0 
26.6 
38  6 

loss. 

^Includes  motor 
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1.  Treatment  oj  Round-Table  Feed  and  Tailing 

(a)  Round-Table  Feed.  No  Acid. — During  the  first  four 
days  air  agitation  was  employed,  using  the  Pachuca  tank.  With 
a  feed  of  60  to  80  tons,  the  results  were  very  poor.  The  air 
agitator  did  not  have  sufficient  capacity.  During  the  last  five 
days  of  the  period  (No.  32)  mechanical  agitation  was  used  and 
gave    much    better    results. 

(b)  Round-Table  Feed.  Air  Agitation. — This  test  (Period 
2>i)  which  was  of  16  days'  duration  gave  an  average  tailing  of 
0.35  per  cent  Cu,  and  a  concentrate  carrying  31.6  per  cent  in- 
soluble. The  capacity  per  cell  seems  to  be  about  15  to  20  tons 
of  slime  per  day.  Sludge  acid  and  sulphuric  acid,  with  no  cre- 
osote or  stove  oil  seemed  to  give  as  good  or  better  results  as 
when  creosote  was  used. 

(c)  Round-Table  Feed.  Mechanical  Agitation. — This  test 
(Period  34)  of  27  days'  duration,  gave  an  average  tailing  of  0.30 
per  cent  Cu,  and  a  concentrate  assaying  34.2  per  cent  insoluble. 
The  average  tonnage  per  cell  was  20  tons  per  day.  The  prin- 
cipal oil  used  was  sludge  acid  kerosene,  together  with  sulphuric 
acid. 

{d)  Round-Table  Tailing.  Mechanical  Agitation. — This  test 
(Period  35),  of  four  days'  duration,  gave  an  average  tailing  of  0.32 
per  cent  Cu,  and  a  final  concentrate  of  about  60  per  cent  insol- 
uble. (The  rougher  concentrate  for  the  first  two  days  should 
be  included  in  the  average  final  concentrate.) 

(e)  Conclusions.— \.  On  our  slime,  air  agitation  is  not  as 
satisfactory  as  mechanical. 

2.  The  capacity  of  one  standard  Callow  cell  is  about  15  to 
20  tons  of  slime  per  day. 

3.  The  Callow  machine  produces  a  clean  concentrate  but 
does  not  give  as  clean  a  tailing  as  the  Minerals  Separation  ma- 
chine. 

4.  The  Callow  machine  is  more  sensitive  and  requires 
closer  attention  than  the  Minerals  Separation  machine. 

5.  The  cost  of  repairs  would  probably  be  less  on  the  Callow 
machine  than  on  the  Minerals  Separation  machine.  This  cost, 
however,  is  comparatively  small  for  either  machine. 
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6.  The  power  required  per  ton  treated  in  the  Callow  sys- 
tem is  just  about  the  same  as  that  required  in  the  Minerals 
Separation  machine. 

In  all  of  these  tests  the  original  feed  was  divided  among  the 
Callow  rougher  cells,  operating  in  parallel.  As  a  rule,  there  was 
one  cleaner  cell  operating  also.  When  this  was  operating  the 
concentrate  from  the  rougher  cells  went  to  it,  the  cleaner  making 
a  final  concentrate  and  a  middling  which  was  returned  to  the 
system.  The  rougher  cells  made  the  final  tailing. 

2.     Treatment  of  Mill  Tailing  after  Grinding  through  60  Mesh 

(a)  Preliminary  Tests. — During  the  first  few  shifts  the 
mechanical  agitators  at  the  Callow  plant  were  used,  but  it  was 
soon  found  that  they  were  not  required — that  the  grinding  mill 
gave  sufificient  and  thorough  agitation. 

Sludge  acid  kerosene  was  the  only  oil  used  during  this  period, 
and  was  added  ahead  of  the  grinding  mill.  Sulphuric  acid  w^as 
added  ahead  of  the  flotation  cells.  The  tailing  for  this  period 
averaged  0.10  per  cent  Cu,  and  the  concentrate  carried  an 
average  of  42.2  per  cent  insoluble.  The  pulp  was  heated  just 
ahead  of  the  flotation  cells  (Period  36). 

ih)  Sludge  Acid  Kerosene  Added  Ahead  of  Grinding  Mill. — 
The  flow  sheet  was  modified  slightly  during  Period  37.  Instead 
of  sending  the  entire  rough  concentrate  from  the  rougher  cells  to 
the  cleaner  cells,  only  the  first  half  was  sent  to  the  cleaner,  that 
coming  ofT  the  half  nearer  the  tailing  end  of  the  machine  being 
returned  as  middling  to  the  original  feed.  This  resulted  in  giving 
the  cleaner  cell  a  richer  feed  and,  in  turn,  enabled  the  cleaner 
to  make  a  higher  grade  concentrate.  This  period  shows  some  very 
good  results,  a  tailing  assaying  0.11  per  cent  Cu  and  a  concentrate 
carrying  27.9  per  cent  insoluble.  Here,  again,  is  brought  out  the 
splendid  agitation  and  mixing  obtained  in  the  grinding  mill. 

(c).  Neutral  Circuit.  No  Acid.  Turpentine  Added  Ahead 
of  Grinding  Mill. — In  this  test  (Period  38)  no  acid  was  used. 
Turpentine  was  added  ahead  of  the  grinder.  The  tailing  averaged 
0.16  per  cent  Cu,  and  the  concentrate  carried  35.1  per  cent 
insoluble.  It  should  be  noted  that  in  this  test  tonnage  treated 
per  cell  w^as  only  58.2  tons  as  against  75.6  tons  in  the  preceding 
tests. 
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(d)  Neutral  Circuit.  Same  Conditions  as  under  (c)  except 
Lower  Tonnage  per  Rougher  Cell. — During  this  period  (No.  39) 
the  average  tonnage  treated  per  rougher  cell  was  only  39.9  tons. 
The  tailing  was  high,  0.18  per  cent  Cu,  and  the  concentrate 
low  grade,  47.5  per  cent,  insoluble. 

It  is  evident  from  the  work  in  this  and  the  preceding 
period  that  turpentine  will  not  give  as  good  results  in  a  neutral 
circuit. 

(e)  Mixtures  of  Coal  Tar,  Creosote  and  Pine  Oil  added 
ahead  of  Grinder.  Neutral  Circuit. — The  tests  during  Periods 
36  and  37  were  made  under  the  supervision  of  Mr.  Bernsen,  a 
representative  of  Mr.  Callow.  These  tests  show  a  tailing  of  0.13 
per  cent  Cu,  and  a  low-grade  concentrate, — 45.3  per  cent  in- 
soluble. The  results  are  not  nearly  so  good  as  those  obtained  in 
the  acid  circuit. 

if)  Same  Conditions  as  under  Period  40,  except  the  Rougher 
Cells  Operated  in  Series  instead  of  in  Parallel. — During  this  test 
the  original  feed  went  to  No.  2  rougher  and  the  tailing  from  No.  2 
rougher  was  fed  to  No.  1  rougher,  the  latter  making  a  final  tailing. 
The  concentrate  from  the  No.  2  rougher  went  to  the  cleaner  and 
that  from  No.  1  was  returned  to  the  feed  as  middling.  The  final 
tailing  averaged  0.1 1  per  cent  Cu,  but  the  concentrate  was  rather 
low  grade,  running  38.7  per  cent  insoluble. 

(g)  Conclusions. — 1.  The  capacity  of  the  standard  Callow 
cell  when  treating  ground  mill  tailing  is  about  75  tons  per  day. 

2.  No  other  agitation  is  required  if  the  reagents  can  be 
added  ahead  of  the  grinding  mill. 

3.  The  use  of  acid  seems  to  be  of  considerable  advantage. 

4.  On  account  of  utilizing  the  grinding  mill  as  an  agitator 
the  Callow  machine  requires  less  power  than  the  Minerals  Sep- 
aration machine. 

5.  The  Callow  machine  is  more  sensitive  and  requires 
more  attention  than  the  Minerals  Separation  machine. 

The  work  of  the  Froment  and  Towne,  and  the  Fields 
flotation  machines,  was  found  to  be  unsatisfactory;  that  on  the 
Anaconda  cell  was  of  short  duration,  no  definite  results  being 
obtained. 
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D.     Miscellaneous  Flotation  Tests 

1.     Test  of  Various  Kerosene  Sludge  Acid  Oils 

During  the  experimental  flotation  work,  tests  were  made  on 
barrel  lots  of  various  sludge  acid  kerosenes,  with  the  following 
results : 

(a)  From  Union  Oil  Co.  of  San  Francisco, — This  is  the 
sludge  known  as  M.  S.  37,  used  during  practically  all  of  the 
experimental  work.  It  gives  highly  satisfactory  results.  Although 
exposed  to  the  weather  in  iron  drums  during  the  winter  months, 
it  gave  no  trouble  by  becoming  too  viscous. 

{h)  From  Standard  Oil  Co.  of  San  Francisco. — This  sludge 
acid  gave  just  as  good  results  in  the  flotation  work  as  that  from 
the  Union  Oil  Co.  This  oil  did  not  become  viscous  when  exposed 
to  freezing  temperatures. 

(c)  From  Western  Oil  Co. — One  barrel  of  this  oil  was  tested 
during  February  in  the  M.  S.  No.  1  machine  when  treating 
round-table  feed.  This  oil  did  not  give  as  satisfactory  results  as 
the  two  preceding  oils.  About  one-third  of  the  oil  was  left  in  the 
barrel  as  a  solid  residue. 

{d)  From  Midwest  Refining  Co. — One  barrel  of  this  oil  was 
tested  during  February  in  the  M.S.  No.  1  machine  when  treating 
round-table  feed.  The  results  obtained  with  this  oil  were  not  as 
good  as  those  obtained  when  using  the  first  two  oils.  At  least 
one-half  of  this  oil  remained  in  the  barrel  as  a  solid  residue  which 
we  could  not  liquify  even  by  using  the  steam  coils. 

{e)  From  Producers  Refining  Co. — We  could  not  test  this 
oil  as  it  was  solidified  in  the  barrels  and  did  not  become  liquid 
after  standing  for  days  at  a  temperature  of  60°F.,  or  better. 

2.    Test  of  Various  Creosote  Oils 

During  the  experimental  flotation  work  the  following  creosote 
oils  were  tested  with  the  results  shown : 

{a)  Creosote  from  Cleveland- Cliffs  Iron  Co.  of  Marquette 
Mich. — ^This  is  a  creosote  obtained  as  a  byproduct  in  the  manu- 
facture of  charcoal  from  hard  pine.  This  is  known  as  M.  S.  No. 
ZZ,  the  number  given  to  it  by  the  Minerals  Separation  Co.  This 
is  the  creosote  that  was  used  practically  throughout  the  entire 
work  with  highly  satisfactory  results. 
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(b)  Creosote  from  Pensacola  Tar  &  Turpentine  Co.  of  Gull 
Point,  Fla. — We  used  a  considerable  quantity  of  this  oil  in  our 
experimental  work.  It  gives  fully  as  good  results  as  the  Cleveland- 
Cliffs  creosote.  It  is  made  from  Georgia  pine  wood.  This  oil  is 
known  as  No.  400  by  the  Pensacola  Co.  (see  Periods  14C,  19,  20, 
21,  22  and  23). 

(c)  Creosote  from  Crichton  Pine  Products  Co.  of  Alabama. — 
A  barrel  of  this  oil  was  tested  and  gave  good  results  (see  Periods 
14Dandl5A). 

(d)  Tar  Creosote  from  Butte  Gas  Works. — A  test  was  made 
using  a  barrel  of  tar  creosote  from  the  Butte  Gas  Works,  which 
gave  fairly  good  results.  The  test  was  of  too  short  duration  to  be 
conclusive,  but  it  is  thought  that  the  tar  creosote  would  give 
satisfactory  results  (see  Period  15B).  In  testing  the  Callow 
machines  a  mixture  of  oil  containing  tar  creosote  from  the  Barrett 
Manufacturing  Co.  was  used  with  good  results  (see  Periods  40 
and  41).  In  the  laboratory  tests  we  have  found  that  the  tar 
creosotes  give  good  results. 

(e)  Creosote  from  the  Timber  Treating  Plant  at  Rocker. — This 
creosote  comes  from  the  J.  F.  Lewis  Co.  of  Moline,  111.  It  did 
not  give  good  results,  although  the  test  was  too  short  to  be  ab- 
solutely conclusive.  The  oil  contained  a  good  deal  of  dirt  and 
sediment  (see  Period  15E). 

3.    Test  of  Blankets  for  Callow  Cells 

Four  blankets  for  Callow  cells  were  received  from  Lane  & 
Co.,  New  York  City.  These  blankets  were  numbered  1,038, 
1,039,  1,057,  and  1,058.  In  each  case  the  blankets  have  a  better 
distribution  of  air  after  a  few  hours'  operation,  due  probably  to  a 
readjustment  in  the  weaving  after  the  blanket  has  been  thorough- 
ly wetted. 

The  blankets  were  tested,  with  the  following  results: 
(a)  No.  1,058,  Single  Thickness. — Callow  cells  treating  sand 
tailing.  The  air  distribution  was  uneven  and  if  enough  air  was 
turned  into  chamber  to  keep  sand  moving  on  blanket,  then  there 
was  violent  boiling  at  points.  Blanket  not  satisfactory  for  coarse 
(60-mesh)  feed  but  might  work  fairly  well  on  slime. 
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(b)  No.  1,058,  Double  Thickness.— In  this  test  the  No.  1,058 
blanket  was  doubled.  The  feed  treated  was  slime.  The  air  dis- 
tribution was  very  good  and  the  results  practically  the  same  as  the 
regular  Callow  blanket  supplied  by  the  General  Engineering  Co. 
of  Salt  Lake. 

(c)  No.  1,039. — This  blanket  was  tested  on  slime  feed  and 
gave  an  even  distribution  for  all  air  pressures  up  to  53^  lb. 

{d)  No.  1,057. — This  blanket  gave  a  very  uneven  distribu- 
tion of  air  for  all  pressures.  The  pores  seemed  to  close  up  unevenly 
when  the  blanket  was  wet. 

{e)  No.  1,038. — This  blanket  was  tested  on  slime  feed.  Gave 
very  good  distribution  of  air  for  all  pressures  up  to  4  lb.  This 
blanket  is  thinner  than  the  others  and  also  thinner  than  the  reg- 
ular Callow  blanket  and  requires  less  pressure  to  deliver  the 
same  volume  of  air  as  the  others. 

(/)  Resume. — No.  1,057  would  not  be  satisfactory  for  our 
purposes. 

No.  1,058,  single,  would  not  be  satisfactory,  except,  possibly, 
on  slime  feed. 

No.  1,058,  double,  would  be  satisfactory  for  either  slime  or 
sand,  but  wou'd  probably  cost  too  much. 

No.  1,038,  entirely  satisfactory  for  slime,  and  would  probably 
be  all  right  on  sand. 

4.  Soluble  Copper  in  Flotation  Tailing 

Samples  of  tailing  pulp  were  sent  to  the  laboratory  and  the 
soluble  copper  was  determined. 

The  tailing  from  the  round-table  ^"eed  contained  1.141  gram 
of  soluble  copper  per  liter  of  solution.  The  tailing  from  the  round- 
table  tailing  contained  0.084  gram  of  soluble  copper  per  liter  of 
solution. 

5.  Disintegration  of  Flotation  Froth 

In  order  to  break  up  the  froth  in  the  flotation  concentrate 
a  saucer-shaped  disk  3  ft.  in  diameter  was  constructed.  This  was 
revolved  at  a  speed  of  300  r.p.m.  inside  a  circula-  tank.  The 
concentrate  pulp  was  fed  on  to  the  disk  at  the  centre  and  was 
thrown  out  against  the  sides  of  the  tank.  The  impact  broke  up 
the  froth  to  a  great  extent.  No  test  was  made  on  the  disintegrator. 


90  Flotation  at  Anaconda — Laist  and  Wiggin 

It  was  noted  early  in  the  experimental  work  that  an  elevator 
made  a  good  froth  breaker,  the  impact  of  the  pulp  discharge  at 
the  head  of  the  elevator  serving  to  break  up  the  bubbles,  to  a  large 
extent.  A  test  made  at  the  experimental  Callow  flotation  showed 
that  the  rough  concentrate  pulp  was  reduced  75  per  cent  in 
bulk  in  passing  through  an  elevator. 

E.  Conclusion 

The  conclusions  drawn  from  the  foregoing  tests  were  that  the 
Minerals  Separation  machine  was  best  adapted  for  the  flotation 
work  at  Anaconda.  Furthermore,  that  the  most  efficient  reagents 
would  be  sludge  acid  kerosene,  wood  creosote,  and  sulphiiric  acid. 

IV.     Description  of  Remodeled  Concentrator 
AS  Adapted  to  Flotation. 

The  concentrator  at  Anaconda,  as  remodeled  for  flotation, 
consists  of  eight  sections,  each  of  2,000  tons  per  day  capacity, 
giving  a  grand  total  of  15,000  tons  per  day,  allowing  for  shut- 
downs, repairs,  etc.  All  sections  are  alike  with  the  exception  of 
Section  1.  In  this  section,  Hancock  jigs^  are  used  in  place  of 
Evans  jigs  and  tube-mills  are  used  in  place  of  Hardinge  mills. 
Fig.  1  shows  the  flowsheet  of  Section  2  through  8. 

Milling  Division 

The  ore  is  fed  from  the  bins  to  a  2-in.  round-hole  shaking 
screen,  the  oversize  going  to  a  12  by  24-in.  Blake  crusher.  The 
product  from  this  crusher  is  delivered  to  a  2-in.  round-hole 
trommel,  the  oversize  of  which  is  sent  to  two  8  by  20-in.  Blake 
crushers.  The  product  from  these  crushers,  together  with  the 
undersize  from  the  2-in.  screens,  is  elevated  and  passed  through 
1-in.  round-hole  trommels.  The  oversize  from  this  is  treated  in 
coarse  Harz  jigs,  making  a  middling  and  a  concentrate;  the  under- 
size is  passed  through  3/^-in.  trommels,  the  oversize  being  treated 
in  fine  Harz  jigs  making  a  concentrate  and  a  middling.  All  sec- 
tions are  alike  up  to  this  point.    In  Section  1,  the  undersize  from 

MFor  comparative  data  on  Hancock  and  Evans  iigs,  see  Trans.,  A.  I.  M.  E. 
xlvi.p  212,  (1913). 
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the  3^-in.  trommel  is  screened  on  1^  by  12-mm.  trommels,  the 
undersize  going  to  the  Anaconda  classifiers  and  the  oversize  to 
the  Hancock  jigs.  The  treatment  of  the  products  from  this  point 
is  the  same  in  all  sections,  except  that  Section  1  uses  tube-mills 
in  place  of  Hardinge  mills  for  grinding,  as  noted  previously. 
The  undersize  from  the  ^-in.  trommel  is  screened  through  4-mm. 
trommels,  the  oversize  from  these  going  to  the  double  compound 
Evans  jigs  and  the  undersize  going  to  13^  by  12-mm.  trommels. 
The  undersize  from  these  trommels  goes  to  the  Anaconda  classi- 
fiers, the  oversize  to  double  compound  Evans  jigs.  The  two  sets 
of  Evans  jigs  make  a  concentrate  which  goes  to  the  dewatering 
bins  and  a  middling  which  is  ground  for  further  treatment. 

The  concentrate  from  the  coarse  Harz  jigs  is  dewatered  and 
conveyed  to  bins.  The  middling  is  screened  on  a  dewatering 
screen,  the  undersize  together  with  the  hutch  product  from  the 
coarse  Harz  jigs  going  to  the  Evans  jigs.  The  oversize  is  passed 
through  rolls,  54  by  24  in.,  and  thence  back  into  the  system  ahead 
of  the  1-in.  round-hole  trommels.  The  concentrate  from  the  fine 
Harz  jigs  is  sent  to  the  bins.  The  middling  is  screened  through  a 
dewatering  screen,  the  oversize  going  to  54  by  24-in.  rolls  and 
then  back  into  the  system  ahead  of  the  1-in.  round  hole  trommel. 
The  undersize  of  the  dewatering  screen  together  with  the  hutch 
discharge  of  the  fine  Harz  jigs  goes  to  the  Evans  jigs. 

The  concentrate  from  the  Evans  jigs  is  dewatered  in  bins  to 
about  7  per  cent  moisture,  and  sent  to  the  smelter.  The  jig 
concentrate  assays  about  15  per  cent  insoluble  and  8  per  cent 
copper.  The  middling,  together  with  the  hutch  product  is 
dewatered  in  tanks  and  screened  through  13^  by  12-mm.  trom- 
mels, the  undersize  from  which  goes  to  the  Anaconda  classifiers,^ 
the  oversize  through  54  by  24-in.  rolls,  and  back  to  the  13^  by 
12-mm.  trommels. 

The  spigot  from  the  Anaconda  classifier  is  treated  on  18 
Wilfley  tables,  fitted  with  Butchart  riffling,  making  a  concentrate 
and  a  middling.  These  tables  make  a  concentrate  assaying  25  per 
cent  insoluble  and  a  middling  assaying  0.9  per  cent.  Cu.  The 
concentrate  is  sent  to  the  dewatering  bins,  together  with  the  fine 

2For  description  of  Anaconda  Classifier,  sec  Trans.,  A.  I.  M.  E.  xlvi,  p,  277 
(1913). 
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jig  concentrate,  and  the  middling  is  sent  to  the  10  by  4-ft. 
Hardinge  mills.  The  overflow  from  the  Anaconda  classifiers  is 
sent  to  the  slime  thickener  division,  consisting  of  28  by  3-ft. 
Dorr  tanks. ^  The  spigot  product  from  these  tanks  is  divided; 
about  one-half  is  returned  to  the  section  and  the  remainder  is 
sent  to  the  slime  plant. 


Fig.  2. — Grinding  Division. 


The  product  from  the  Hardinge  mills  (Fig.  2)  is  treated  in 
six  simplex  Dorr  classifiers — one  classifier  to  each  mill — the 
overflow  going  to  the  flotation  division  and  the  classifier  sand 
being  returned  to  the  mill. 

At  the  time  it  was  first  decided  to  remodel  the  concentrator, 
it  was  not  definitely  known  whether  pebbles  or  steel  balls  would 


^For  description  of  this  thickener  plant,  .see  Tnans.,  A.  I.  AI.  E.  xHx,  p.  470 
(1914). 
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be  used  for  grinding.  To  provide  for  this  uncertainty  a  com- 
promise was  effected.  The  mills  were  made  10  by  4  ft.  and  built 
sufficiently  strong  for  steel  balls  in  case  balls  were  used.  Each 
mill  was  equipped  with  a  225-h.p.  motor  directly  connected 
through  a  flexible  coupling.  The  mill  filled  with  pebbles  takes 
from  95  to  115  h.p.  to  operate.    In  case  steel  balls  were  used  it 


Patent  applied  for. 
Fig.  4 — Spout  for  Feeding  Pebbles  or  Balls  into  Hardinge  or  Tube  Mills. 


was  planned  to  put  in  a  false  wood  lining  back  of  the  steel  lining 
in  the  cylindrical  part  of  the  mill  to  reduce  the  effective  diameter 
of  the  mill. 

This  latter  plan  was  finally  adopted,  and  the  Hardinge  mills 
will  be  equipped  with  the  false  wood  lining,  15  in.  thick,  in  the 
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cylindrical  part  of  the  mill,  and  a  Cascade  steel  lining.  With  this 
form  of  lining,  the  mill  is  virtually  1]/2  by  6  ft.  and  requires  about 
225  h.p.  when  loaded  with  steel  balls. 

The  drawing  (Fig.  3)  gives  the  details  of  the  lining.  This 
lining  was  designed  by  the  American  Manganese  Steel  Co.  At 
first  the  pebbles,  and  later  the  balls,  were  fed  to  the  mills  through 
the  feed  scoop.  This  method  of  introducing  the  grinding  medium 
into  the  mill  gave  considerable  trouble,  due  to  the  breaking  of 
the  feed  boxes  caused  by  the  jamming  of  a  pebble  or  ball  between 
the  revolving  scoop  and  the  feed  box.  We  tried  to  obviate  this 
difficulty  by  various  changes  in  the  amount  of  clearance  left 
between  the  scoop  and  the  box,  but  without  success.  In  our 
particular  case  this  trouble  was  aggravated  by  the  fact  that  we 
had  to  use  7  ft.  diameter  scoops,  in  order  to  lift  back  into  the  mill 
the  sand  discharged  by  the  Dorr  classifier.  Finally  a  method  was 
tried  of  feeding  the  pebbles,  or  balls  through  a  spout  passing 
through  the  centre  of  the  feed  scoop.  This  device  has  worked 
splendidly  and  all  of  our  mills  have  since  been  equipped  with  it 
(see  Fig.  4). 

Flotation  Division 

The  flotation  division  consists  of  four  Minerals  Separation 
machines,  each  having  15  agitators  3  ft.  square,  and  14  spitzkasten 
or  floating  compartments.  The  agitators  for  the  Minerals  Separa- 
tion machines  are  of  gun  metal  and  are  driven  by  bevel  gears 
from  a  line  shaft,  the  direction  of  rotation  of  the  agitators  alter- 
nating. 

The  machines  are  made  of  California  red  wood;  the  agitator 
boxes  are  further  lined  with  hard  maple  extending  about  18  in. 
from  the  bottom  of  the  box. 

Each  machine  has  an  individual  drive,  power  being  supplied 
to  the  line  shaft  by  a  150-hp.  motor  running  at  385  r.p.m.  The 
speed  of  the  agitators  is  225  r.p.m.  and  as  the  impellers  are  18  in. 
in  diameter  the  peripheral  speed  is  about  1,060  ft.  per  minute. 

Each  machine  makes  three  products,  a  concentrate,  which 
goes  to  the  dewatering  division,  a  middling  which  is  returned  to 
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the  head  of  the  machine,  and  a  tailing  which  goes  to  waste.  The 
concentrate  is  taken  from  the  first  three  to  five  spitzkasten  and 
the  middHng  from  the  last  nine  to  eleven.  A  portion  of  the  pulp 
is  overflowed  from  the  last  three  spitzkasten  together  with  the 
froth.  About  6  to  8  lb.  of  50°Be.  H^  SO4  per  ton  of  flotation  feed 
is  used  together  with  2  to  3  lb.  of  kerosene  sludge  acid  and  Y2  to 
1  lb.  of  crude  wood  creosote.  A  portion  of  the  wood  creosote  is 
added  ahead  of  the  Hardinge  mill  (about  0.03  to  0.05  lb.  per  ton 
of  feed)  and  the  remainder  is  added  in  the  sixth  agitating  com- 
partment. The  sulphuric  acid  and  sludge  acid  are  added  at  the 
head  of  the  machine.  The  pulp  is  heated  to  from  60°  to  70°F.,  by 
passing  live  steam  into  it  at  the  head  of  the  machine.  Three 
machines  are  used  for  treating  sand  and  the  fourth  for  treating 
current  slime  from  the  upper  portion  of  the  mill.  Each  machine 
has  a  capacity  of  about  400  tons  per  day  on  sand  and  175  tons 
on  slime. 


Fig.  5. — Automatic  Reagent  Feeders 
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The  method  of  adding  the  oil  and  acid  is  rather  unique.  The 
mechanism  consists  of  a  revolving  disk  to  which  are  attached, 
around  the  circumference,  a  number  of  cups.  This  disk  is  set 
vertically  so  that  its  lower  edge  dips  into  a  pan  of  acid  or  oil. 
As  the  cups  come  around  they  are  filled  and  later  discharge  their 
contents  into  a  suitable  launder  leading  to  the  flotation  machine. 
The  disk  is  driven  by  the  friction  of  a  wheel  against  another  disk 
attached  to  the  main  drive.  The  wheel  is  run  at  constant  speed 
and  by  varying  the  point  of  contact  between  wheel  and  disk  any 
speed  desired  can  be  given  to  the  main  disk  and  thus  the  amount 
of  oil  or  acid  added  can  be  regulated.  In  addition  to  the  speed 
regulation,  the  amount  of  oil  or  acid  fed  may  be  varied  by  adding 
or  removing  cups  or  by  changing  the  size  of  the  cups.  A  photo- 
graph of  the  machine  is  shown  in  Fig.  5. 

At  present  (December,  1915)  seven  sections  are  operating  on 
the  new  flowsheet,  and  the  whole  mill  will  be  remodeled  not  later 
than  Jan.  15th,  1916.  The  sections  are  being  remodeled  one  at 
a  time.  All  the  work  is  being  done  by  the  company's  engineering 
force.  Things  have  been  so  well  organized  and  systematized  that 
it  requires  less  than  30  days  to  tear  out  the  old  section  and  install 
the  new  equipment,  ready  for  operation. 

The  following  table  gives  metallurgical  data  concerning  the 
operation  of  the  mill.  Line  1  gives  the  monthly  assay  of  second- 
class  ore  for  October,  which  is  the  feed  to  the  mill.  Line  2  gives 
the  monthly  assay  of  the  flotation  tailing  from  the  remodeled 
sections  for  October.  The  feed  to  the  flotation  machines  during 
the  month  consisted  of  reground  sand  tailing  and  a  portion  of  the 
thickened  mill  slime  which  was  returned  to  the  mill  and  treated 
in  the  fourth  machine  in  each  remodeled  section.  The  tailing 
assay  shown  below,  0.13  per  cent  Cu,  is  for  the  total  sand  and 
slime  tailing  produced.  The  sand  tailing  alone  averaged  0.10  per 
cent  Cu  and  the  slime  tailing  averaged  about  0.25  per  cent  Cu. 


Percent 
Cu. 

PeriCent 
SiOj 

Per  Cent 
Alo  Oo 

PerCent 
Fe 

Percent 

S 

PerCent 
CaO 

Ounces  per  Ton 

Ag 

Au 

Feed  to  concen- 
trator  

Total  concentrator 
tailing  (flotation) 

2.85 
0.13 

59.1 
81.6 

9.4 

11  3 

10.6 
1.0 

11.8 
0  5 

0.6 

0.5 

2.00 
0.10 

0.0070 
0.0005 

- 
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No  complete  analyses  of  the  flotation  concentrate  are  avail- 
able, as  the  slime  flotation  plant  is  not  in  operation  yet  and  the 
round-table  concentrate  is  being  mixed  with  the  flotation  con- 
centrate from  the  mill. 

Following  is  an  estimate  of  the  power  consumption  per 
2,000-ton  section,  including  its  proportion  of  slime  treatment: 

Power  Con- 
sumption per 

Section, 
HorserwDwer 

Feeding  and  coarse  crushing 125 

Roll  crushing 220 

Jigging 60 

Screening 37 

Conveying  and  elevating 237 

Table  concentration 25 

Fine  grinding 655 

Flotation  of  sand  and  slime  in  mill 426 

Dewatering  mill  slime  pulp 3 

Flotation  of  slime  in  slime  dixision 109 

Dewatering  flotation  concentrate 25 

Sampling  and  assaying 1 

Total 1,923 

Horsepower  per  ton  of  ore 0.96 


III.     Description  of  Slime-Flotation   Plant. 

Because  of  lack  of  space  in  the  mill  an  auxiliary  plant  had  to 
be  installed  to  handle  the  extra  slime.  This  plant  consists  of  twenty 
Minerals  Separation  machines  of  the  same  type  and  size  as  those 
used  in  the  concentrator,  and  five  50  by  12-ft.  Dorr  tanks  for 
dewatering  the  concentrate  (Figs.  6,  7  and  8).  The  plant  is 
designed  to  treat  about  2,000  tons  of  current  slime  and  1,000 
tons  of  pond  slime. 

What  this  plant  may  be  expected  to  do,  so  far  as  the  treat- 
ment of  current  slime  is  concerned,  may  be  judged  from  the 
results  obtained  in  the  experimental  slime  machine,  which  has 
been  operating  regularly  for  more  than  a  year. 

The  following  table  gives  the  analysis  of  the  current  slime 
and  the  assay  of  the  composite  tailing  sample  for  the  month  of 
June.  These  are  typical  of  the  results  which  may  be  expected 
in  the  large  plant. 
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Fig.  6.— Minerals  Separation  Machines  in  Slime-Flotation  Plant. 


Fig,  7.— Minerals  Separation  Machines  in  Slimft-Flotation  Plant.     (Machine 
on  left  is  not  in  operation). 
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Operation  of  Experimental  Slime-  Flotation  Plant 


Per  Cent. 

Feed 
(Current  Slime) 

Tailing 

Concentrate 

Cu      . 

2.10 
61.00 
4.10 
4.40 
19.00 
0.60 
1.80 
0.005 

0.27 

67.70 

2.70 

1.10 

18.30 

0.70 

0.20 

0  001 

12  0 

Si02 

20,0 

FeO 

S 

28.0 

AI2O3 

CaO 

/ 

Ac* 

Au* 

*Ounce  per  ton. 

The  treatment  of  the  pond  sh'me  offers  a  few  more  difificulties 
than  that  of  the  current  slime.  This  slime  has  been  exposed  to 
the  weather  for  a  number  of  years  so  that  the  copper  is  partially 
oxidized,  consequently  that  portion  probably  cannot  be  floated. 
Some  results  from  the  flotation  plant  at  Great  Falls,  covering  a 
week's  operation,  are  tabulated  below.  This  character  of  material 
has  been  treated  for  some  time  at  the  Great  Falls  plant,  and  the 
results  should  be  a  good  criterion  of  what  may  be  expected  here  in 
the  treatment  of  dump  slime. 

Operation  of  Slime- Flotation  Plant  at  Great  Falls 

Per  Cent. 

Recovery  based  on  concentrate 78 .  90 

Recovery  based  on  tailing 80 .  90 

Average  total  Cu  in  tailing 0 .  53 

Average  soluble  Cu  in  tailing 0. 13 

Average  sulphide  Cu  in  tailing 0.40 

Average  total  Cu  in  feed 2  .  52 

At  Great  Falls,  one  double  Minerals  Separation  machine  of 
the  same  design  and  size  as  used  at  Anaconda  is  treating  from 
300  to  350  tons  of  dump  slime  daily. 

Sulphidization  Experiments  at  Great  Falls 

Experiments  covering  a  period  of  five  days,  in  which  live 
tons  of  sodium  sulphide  were  consumed,  were  made  at  the  Great 
Falls  plant,  to  determine  the  feasibility  of  sulphidizing  the  oxidiz- 
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Fig.  9. — Flow  Sheet  of  Slime-Flotation  Plant  at  Anaconda,  Mont. 


ed  copper  prior  to  flotation.  Sodium  sulphide,  in  solution,  was 
added  at  the  pug  mill  together  with  the  dump  slime.  No  difficulty 
was  found  in  sulphidizing  practically  all  of  the  copper  which  went 
into  solution,  but  it  was  found  that  all  oxidized  copper  was  not 
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dissolved  during  its  passage  through  the  pug  mill  and  flotation 
machine. 

Moreover,  on  the  addition  of  sodium  sulphide,  the  froth 
immediately  broke  up— a  large  part  of  the  natural  sulphides  no 
longer  floating,  and  the  tailing  assay  showing  a  marked  increase, 
although  the  precipitated  sulphides  floated.  Hardly  any  froth 
was  formed,  probably  because  of  the  colloidal  state  of  the  pre- 
cipitated sulphides  rather  than  the  result  of  any  deleterious  action 
on  the  oils  used  of  the  sodium  sulphide,  or  the  sodium  sulphate 
formed. 


i 


Fig.  10.— Dorr  Tanks  in  Slinie-Flotation  Concentrate-Dewatering  Division. 


The  cause  of  the  breaking  of  the  froth  was  not  clear.  It  may 
have  been  due  to  the  sodium  sulphate  formed,  or,  what  seems 
more  probable,  to  some  impurities  in  the  sodium  sulphide,  the 
latter  being  only  about  50  per  cent  pure.  This  effect  was  very 
general,  the  froth  on  the  second  machine  breaking  up,  although 
no  sodium  sulphide  was  added  to  it,  except  through  a  return 
middling  elevator  which  was  common  to  both  machines.  Fig.  9 
shows  the  flow  sheet  of  the  slime-flotation  plant  at  Anaconda. 
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IV.     Description  of  Flotation  Concentrate 
Dewatering  Plant 

The  dewatering  of  the  flotation  concentrate  is  done  in  six 
50  by  12-ft.  Dorr  thickeners.  Five  tanks  of  the  same  size  have 
been  provided  for  the  sHme  plant.  The  pulp  is  delivered  to  a 
bafifle  box  about  5  ft.  square  in  the  centre  of  the  tank,  and  ex- 
tending down  to  within  a  few  inches  of  the  rake  arms.  Surround- 
ing this  is  another  baffle  about  15  ft.  square  and  extending  about 
18  in.  below  the  surface  of  the  water  (Fig.  10).  These  baffles  catch  a 
large  portion  of  the  froth  which  is  there  broken  up  by  means  of  a 
water  spray.  The  capacity  of  these  tanks  when  treating  flotation 
concentrate  is  from  200,000  to  250,000  gal.  of  pulp  per  24  hr., 
although  they  will  probably  not  be  required  to  handle  more  than 
200,000  gal.  Operating  even  at  this  capacity,  there  is  a  small 
amount  of  finely  divided  material  that  will  not  settle.  Therefore, 
the  overflow  from  these  tanks  is  run  to  a  slime  pond  and  the 
solids  collected  for  future  treatment.  The  capacity  of  these  same 
tanks  when  treating  round-table  concentrate  is  about  1,000,000 
gal.  of  pulp  per  24  hr. 

Some  experiments  were  made  to  increase  the  capacity  of  the 
tanks  by  the  use  of  glue.  Indications  from  tests  in  a  beaker  seemed 
to  show  that  glue  would  greatly  aid  the  settling,  but  this  did  not 
prove  to  be  the  case.  The  glue  caused  the  colloidal  material  to 
coagulate,  but  it  did  not  actually  increase  the  capacity  of  the 
settling  tanks  to  any  great  extent. 

The  density  of  the  pulp  delivered  to  the  tanks  averages  from 
18  to  20  per  cent  solids,  and  the  spigot  averages  about  60  per 
cent  solids.  The  spigot  product  is  further  dewatered  in  Oliver 
filters  113^  ft.  diameter  by  12  ft.  face.  There  will  be  eleven  of 
these,  each  capable  of  handling  150  tons  per  24  hr.  and  making 
a  cake  containing  about  15  per  cent  moisture.  The  cake  from 
the  filters  is  delivered  to  a  belt  conveyor  and  is  carried  with  the 
fine  mill  concentrate  to  the  new  roaster  plant.^  In  this  way  a 
fairly  good  mixing  of  the  concentrates  will  be  obtained. 


*The  new  roaster  plant  con.sists  of  2*^  25-ft.  Wedge  furnaces.     This  will  about 
double  the  master  capacit\  of  the  plant. 


THE  CONCENTRATION  OF  CANADIAN 
MOLYBDENITE 

By  Henry  E.  Wood,  Denver,  Col. 

Annual  Meeting,  Ottawa,  1916. 

Until  quite  recently  the  concentration  of  molybdenite  has 
been  regarded  as  difficult,  if  not  impracticable.  It  is  due 
chiefly  to  this  that  molybdenum  has  not  been  utilized  to  a  great 
extent  commercially,  for  many  of  its  remarkable  properties  have 
been  long  reahzed.  It  is  proposed  in  this  paper  to  demonstrate 
that  the  metallurgical  problem  of  the  successful  concentration 
of  molybdenite  is  an  extremely  simple  one. 

The  data  upon  which  the  above  opinion  is  based  have  been 
obtained  by  the  milling  of  over  two  hundred  tons  of  molyb- 
denum ores,  both  simple  and  complex  in  composition  and  from 
widely  separated  localities  in  Canada  and  the  United  States. 
These  tests  have  led  to  regular  commercial  shipments  of  high 
grade  concentrate  from  our  Denver  mill,  generally  in  one  ton 
lots,  and  in  1915,  aggregated  approximately  fifteen  tons. 

On  account  of  the  absence  of  a  suitable  method  of  con- 
centration and  a  restricted  demand  for  that  reason,  the  few 
hundred  tons  now  annually  consumed  have  been  derived  chiefly 
from  the  hartd-sorting  of  the  crystals  or  scales  and  flakes,  and 
from  hand-screening  work.  This  has  resulted  in  unsatisfac- 
tory marketing  conditions,  which  are  gradually  being  improved. 
Selected  scale  shipments  are  bound  to  range  higher  than  the 
assay  average  of  the  concentrate.  Consumers  having  been 
accustomed  to  purchase  hand-sorted  ore  generally  negotiated 
on  the  basis  of  90%  M0S2  and  frequently  95%.  While  a  por- 
tion of  a  mechanical  concentrate  can  be  collected  that  will 
assay  over  90%,  to  sell  it  separately  would  be  at  the  expense 
of  the  total  percentage  of  recovery.  In  this  connexion  it  is 
of  interest  to  know  that  a  70%  or  75%  molybdenite  concen- 
trate will  bring  proportionately  just  as  much  per  pound  of 
molybdenite  content  as  one  assaying  from  80%  to  90%,  al- 
though there  are  exceptional  cases  where  slightly  higher  prices 
per  pound  would  be  paid  for  the  higher  grade.     It  is  of  cours*^ 
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desirable  to  make  the  highest  grade  possible  that  is  consistent 
with  the  total  recovery,  but  it  is  not  an  essential  requirement. 
This  applies  also  to  the  marketing  of  tungsten.  For  many 
years  the  standard  grade  of  saleable  concentrate  was  60% 
tungstic  acid,  but  now  owing  to  its  scarcity  and  an  abnormal 
demand  with  consequent  high  prices,  consumers  readily  pay 
the  same  price  per  pound  or  unit  for  50%  and  even  40%  con- 
centrate, since  it  has  been  found  profitable  to  smelt  ore  con- 
taining as  low  as  25%  tungstic  acid.  It  has  been  found  better 
to  use  lower  grades  and  thus  avoid  the  usual  losses  resulting 
from  concentration.  The  demand  for  a  90%  or  a  95%  grade 
of  molybdenite  is  chiefly  a  foreign  one.  However,  the  presence 
of  a  small  proportion  of  gangue  is  not  objectionable,  provided 
it  does  not  contain  objectionable  elements  such  as  tin,  copper, 
arsenic,  tungsten,  bismuth  or  lead.  Hence  the  sole  object  to 
a  lower  grade  is  that  of  the  additional  transportation  charges 
for  the  included  gangue  material. 

The  Increasing  Demand  for  Molybdenum. 

Previous  to  the  last  two  years  there  was  a  very  small 
annual  demand  for  molydenum,  and  this  was  readily  met  by  a 
supply  of  hand-picked  crystals,  more  commonly  known  as 
scales  or  flakes.  Since  the  prices  paid  were  low  and  the  cost 
of  production  relatively  high,  little  interest  was  manifested  in 
molydenum.  There  was  little  incentive  to  develop  the  ore 
because  it  was  known  to  have  a  strong  tendency  to  float,  which 
prevented  its  recovery  by  any  of  the  gravity  systems  of  con- 
centration then  in  use.  Its  extreme  softness  and  consequent 
fineness  in  the  pulverized  product  caused  a  large  loss,  as  it  was 
carried  off  in  suspension  as  well  as  by  floating.  Conditions 
now  have  changed.  From  being  an  obscure  mineral,  molyb- 
denite is  now  fairly  well  known,  and  the  many  uses  of  the 
metal  are  recognized. 

The  present  considerable  demand  for  molydenum  has  been 
occasioned  by  the  fact  that  it  can  be  used  to  a  considerable 
extent  as  a  substitute  for  tungsten.  Of  late  the  price  of  tung- 
sten has  become  abnormally  high,  but  even  the  high  prices 
have  failed  to  stimulate  a  tungsten  production  equal  to  the 
demand.     The  demand  for  molybdenum,  therefore,  is  likely  to 
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be  maintained  and  increased.  It  is  well  known  that  in  certain 
applications  molybdenum  has  an  efficiency  50%  higher  than 
tungsten,  and  for  this  reason  it  has  been,  until  lately,  pro- 
portionately more  valuable.  This  is  likely  to  be  reversed  on 
account  of  the  greater  abundance  of  ores  of  molybdenum, 
which  can  now  be  economically  concentrated.  On  the  other 
hand,  the  supply  of  tungsten  may  diminish,  for  the  demand  is 
not  being  met  even  at  present  high  prices.  At  present  the 
price  of  molybdenum  is  four  times  that  of  two  years  ago,  com- 
pared with  a  ten  times  increase  in  the  price  of  tungsten. 

Concentration  of  Molybdenite  by  Surface  Tension 

Flotation. 

The  main  principle  affecting  the  concentration  of  molyb- 
denite is  the  utilisation  of  the  surface  tension  of  water,  either 
fresh,  acid,  or  salt.  Elsewhere  in  this  paper  a  description  is 
given  of  the  device  used  for  concentrating  molybdenite  by 
flotation,  although  this  was  fully  described  by  the  author  in 
1912.  Since  that  date  the  machine  has  been  materially  im- 
proved and  is  now  in  commercial  operation. 

Canadian  Ores. — I  have  visited  a  number  of  molybdenite 
mines  in  British  Columbia  and  Ontario,  and  have  as  well  tested 
many  samples  of  ore  from  Quebec  and  Newfoundland.  The 
best  known  ores  of  British  Columbia,  with  some  exceptions, 
contain  their  molybdenite  in  a  much  finer  state  of  division  than 
those  from  localities  in  eastern  Canada,  which  contain  a  con- 
siderable percentage  of  coarse  scales  varying  from  one  inch  to 
several  inches  in  linear  dimension.  It  may  be,  however,  that 
the  miner  and  prospector  in  the  East  has  so  far  limited  his 
attention  to  only  such  ores  as  would  yield  an  immediate  revenue, 
and  that  valuable  prospects  where  the  molybdenite  was  present 
only  in  very  small  crystals  have  been  disregarded  because  of 
the  difficulties  formerly  encountered  in  the  concentration  of 
that  class  of  ore.  Fortunately  in  the  light  of  more  recent  know- 
ledge, ores  of  the  latter  type  are  not  difficult  to  concentrate; 
in  fact  the  reverse  is  true.  Fine  but  distinct  crystals  that  are 
uniformly  distributed  through  the  gangue  constitute  a  much 
more  desirable  ore  for  concentration  by  flotation  than  an  ore 


Concentration  of  Canadian  Molybdenite — Wood       109 

containing  large  and  irregularly  distributed  crystals,  because 
where  the  ore  is  of  a  uniform  character,  its  treatment  is  simpli- 
fied, and  likewise  the  equipment.  With  ore  of  the  first 
mentioned  type  other  advantages  are  that  the  quantity  and 
value  of  the  ore-reserves  can  be  determined  with  greater  ac- 
curacy, and  a  uniform  mill  product,  both  as  regards  tonnage 
and  value,  may  be  depended  upon. 

Mechanical  Concentration  vs.  Hand  Sorting. — In  the  writer's 
opinion  hand-sorting  of  any  ore  is  not  desirable  when  the  same 
final  extraction  can  be  obtained  by  mechanical  means,  even 
if  the  larger  crystals  have  to  be  crushed.  It  is  fortunate  that, 
in  most  cases,  the  finer  the  molybdenite  crystals,  the  more 
readily  they  will  float,  the  main  exception  being  when  the 
molybdenite  is  present  in  an  amorphous  state;  it  is  then  advis- 
able to  leave  it  undisturbed.  There  are  other  factors  in  favour 
of  fine  crushing.  With  but  a  single  exception  the  writer  has 
never  analysed  a  large  crystal  that  would  assay  much  over 
909c  M0S2.  This  is  due  to  the  presence  of  small  particles  of 
iron  or  other  foreign  matter  between  the  foliated  leaves  of  the 
large  crystals.  It  is  true  that  one  can  peel  off  a  single  thin  leaf 
and  obtain  a  result  approaching  purity,  (99.58%  M0S2.),  but 
the  average  shipment  of  scales  rarely  exceeds  90%  M0S2,  and 
frequently  drops  to  some  point  between  that  and  75%. 

Another  objection  to  the  marketing  of  the  coarse  scales 
in  bulk  is  that  it  puts  the  consumer  to  an  increased  expense, 
because  the  first  step  in  the  reduction  of  the  sulphide  to  the 
metal  is  that  of  roasting  to  oxide,  and  the  mineral  cannot  be 
economically  or  thoroughly  roasted  until  it  has  been  crushed  to 
a  quite  fine  state  of  division.  For  this  reason  it  is  sometimes 
specified  that  concentrate  be  delivered  finer  than  20  mesh.  At 
the  Denver  plant  it  is  customary  to  regrind  all  scales  and  re- 
float them,  even  though  they  may  have  originally  been  separ- 
ated from  the  ore  by  screens;  but  this  is  not  done  when  a  con- 
tract has  no  specification  as  to  grade. 

Fine  Grinding. — When  it  is  decided  to  crush  the  entire  ore 
to  any  certain  size,  both  treatment  and  equipment  are  simpli- 
fied. During  crushing,  the  crystals  which  are  very  soft,  hav- 
ing a  hardness  of  -2,  lose  fine  particles  by  attrition,   but   it 
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places  them  in  better  shape  for  concentration  by  flotation. 
In  the  jigging  of  ordinary  lead,  and  other  ores,  the  object  is 
to  prevent  the  formation,  as  far  as  possible,  of  finely  divided 
mineral  (too  fine  to  be  recovered  by  gravity  separation  methods) 
which  would  be  lost  and  carried  off  in  suspension.  When 
molybdenite  is  jigged,  an  examination  of  the  concentrate  will 
disclose  that,  owing  to  its  softness,  each  scale  is  smooth,  well 
rounded  and  polished;  but  in  the  process  of  jigging,  a  substan- 
tial percentage  has  been  lost  beyond  the  possibility  of  recovery. 
Hard  minerals  may  be  jigged,  but  soft  ones  should  not  be. 
The  presence  of  much  iron  in  the  Canadian  ores,  however, 
makes  them  unsuitable  for  jigging,  and  it  would  rarely  be 
considered  a  proper  method  of  treatment.  The  ores  should 
be  crushed,  and  not  ground  nor  pulverized.  This  point  has 
been  demonstrated  on  a  commercial  scale  at  the  Denver  plant 
with  evidence  decidedly  in  favour  of  crushing,  both  as  regards 
grade  of  concentrate  and  percentage  of  recovery.  For  crush- 
ing, either  rolls  or  ball  mills,  preferably  the  latter,  are  to  be 
recommended. 

The  equipment  proposed  for  the  treatment  of  coarse 
molybdenite  (flow-sheet  "B")  is  so  arranged  that  at  various 
stages  the  scales  can  be  delivered  ready  for  re-cleaning  opera- 
tions, which  embrace  both  re-grinding  and  flotation.  When 
advisable,  the  scales  are  delivered  from -1-4  mesh  to-|-30,  with 
the  4- 16,4-30  and -1-30,  mesh  to  be  floated  separately. 

Retreatment  of  Flotation  Products. — In  the  complex  heavy 
mineralized  Canadian  ores  considerable  iron  pyrite  is  often 
floated.  It  has  been  found  in  some  cases,  if  a  flotation  con- 
centrate needs  re-flotation,  that  much  of  the  iron  becomes 
oxidised  sufificiently  to  permit  it  to  sink,  provided  the  heat  in 
drying  has  been  high  enough  to  oxidise  it  without  affecting 
the  molybdenite.  A  Wetherill  magnetic  separator  is  often 
used  to  advantage  in  removing  the  iron  from  a  flotation  con- 
centrate. Frequently  the  mica  present  can  also  be  removed 
magnetically.  In  re-cleaning  concentrates  a  Wilfley  table  is 
■of  great  assistance.  In  cleaning  an  oversize  screen  product 
the  scales  are  cut  out  as  they  lie  flat  on  the  table.  When 
mica  is  present  in  the  coarse  concentrate,  it  is  much  lighter 
than  the  molybdenite,  and  passes  off  as  a  waste  tailing.     It  is 
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not  intended  to  convey  the  impression  that  all  ores  of  molyb- 
denite can  be  treated  easily  and  with  but  little  attention.  Some- 
times, especially  when  the  gangue  is  a  hard  quartz,  only  one 
operation  or  pass  through  the  flotation  concentrator  is  needed 
to  make  both  a  high  grade  product  and  a  satisfactory  recovery. 
In  other  cases,  very  close  attention  is  required  to  manipula- 
tion details.  Where  chalcopyrite  is  present,  it  floats  with  the 
molybdenite.  To  remove  the  copper  sulphide  the  concentrate 
is  dried  and  re-floated,  as  only  an  imperceptible  amount  of 
oxidation  is  required  to  alter  its  flotation  tendency,  the  copper 
sulphide  sinks.  A  Wilfley  table  is  nearly  always  advisable  for 
a  reconcentration  of  the  tailing  after  flotation,  for  frequently 
some  of  the  molybdenite  is  rounded  into  a  pellet  shape,  that, 
in  falling,  penetrates  the  surface  film  of  water  and  sinks  into 
the  flotation  tailing.  The  Wilfley  concentrate  is  reserved  for 
re-treatment.  If  copper  sulphides  or  other  heavy  minerals 
are  present,  such  as  tungsten,  or  free  gold,  they  can  be  col- 
lected in  the  Wilfley  concentrate.  In  our  Denver  practice  we 
occasionally  crush  the  ore  to  sizes  coarser  then  40  mesh,  provided 
such  size  liberates  the  gangue.  This  plan  increases  the  capacity 
of  the  flotation  concentrator  and  enables  one  to  collect  the 
molybdenite  particles  that  have  failed  to  float  on  account  of 
their  size  and  shape.  In  some  Canadian  ores,  especially  those 
near  the  surface,  molybdenum  oxide  is  present.  When  in 
quantity  sufficient  to  warrant  its  recovery,  this  can  be  done, 
but  there  is  rarely  enough  to  justify  the  additional  equipment 
necessary. 

The  Wood  Ore  Flotation  Concentrator. — The  machine  con- 
sists of  a  rectangular  structural  steel  frame  about  5^  feet  high 
at  the  back,  5  feet  wide  and  5  feet  long.  Supported  in  and  on 
this  frame  are  a  series  of  feed  hoppers  and  tanks,  feed  mechan- 
ism, etc.,  as  described  in  detail  below,  and  shown  in  the 
accompanying  photographs  and  drawings.  At  the  highest 
part,  which  is  the  back  side  of  the  frame,  is  supported  a  rec- 
tangular feed  hopper,  made  with  cast-iron  ends  and  sheet-steel 
sides  and  bottom.  Front,  ends,  and  part  of  the  back  are  vertical. 
About  two-thirds  of  the  back  slopes  to  the  front  at  an  angle  of 
45  degrees.  The  bottom  of  the  feed  hopper  is  about  4  inches 
wide  and  4  feet  long,  and  is  made  of  a  movable  steel  sheet, 
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The  Wood  Ore  Flotation  Concentrator 


which  is  used  as  one  of  the  feed-opening  adjustments.  On  the 
front  of  the  hopper  is  a  vertical  movable  gate,  which,  in  com- 
bination with  the  bottom,  gives  a  wide  range  of  adjustment 
of  the  feed  opening.  Inside  the  hopper  is  a  longitudinal  shaft 
studded  with  short  pins,  which  is  revolved  at  the  rate  of  80  to 
100  r.p.m.,  and  serves  to  keep  the  ore  in  the  hopper  loose  and 
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free  from  channels.  Suspended  from  the  upper  frame-members, 
by  means  of  flat  hickory  strips,  is  a  triangular  truss  with  cast 
iron  ends.  This  truss  carries  the  feed-bar,  which  is  made  of 
angle-iron  and  wood,  carrying  a  number  of  3|  x  j"  screws 
which  project  into  the  feed-opening  of  the  hopper.  Below  the 
feed-bar  in  the  truss  is  supported  an  adjustable  feed-pan,  8" 
wide  and  4'  long,  which  receives  ore  from  the  feed-hoppar 
as  it  is  delivered  by  the  feed-bar.  The  truss  carrying  the  feed- 
bar  and  feed-pan  is  vibrated  in  a  horizontal  plane  by  means 


The  Wood  Concentrator,  side  view 


of  a  small  eccentric  attached  to  the  main  frame  of  the  machine 
and  connected  to  the  truss  by  means  of  a  flexible  hickory  drive- 
rod.  The  eccentric  shaft  is  driven  at  about  500  r.p.m.  The 
ore  dropping  at  the  back  of  the  feed  plate  is  spread  out  into  a 
thin  even  sheet  by  the  time  it  has  travelled  8"  at  right  angles 
to  vibrations,  and  is  then  dropped  onto  the  surface  of  the  water 
which  is  contained  in  the  main  tank.  This  latter  is  a  rectan- 
gular inverted  pyramid  and  is  supported  in  a  frame  at  the 
ends  and  back,  has  a  valve  at  the  point,  or  bottom,  above 
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which  is  a  diaphragm  to  steady  the  flow  of  taiHng  which  collect  in 
the  tank.  At  the  front  of  the  tank  is  a  partition  that  has  its  top 
edge  f "  below  the  top  of  the  tank.  This  edge  is  an  overflow  weir 
and  maintains  a  constant  level  of  water  in  the  tank.  At  the  back 
of  the  tank  is  supported  a  brass  spray  pipe  which  discharges 
a  large  number  of  fine  jets  of  water  parallel  to,  and  just  below, 
the  surface  of  the  water  contained  in  the  tank,  thereby  creating 
a  swift  and  smooth  surface  current  towards  the  front  of  the 
tank.     Half  way  between  back  spray  pipe  and  the  front  of 


The  Wood  Concentrator  in  operation 


tank  is  a  second  spray  pipe  with  a  smaller  number  of  holes; 
this  assists  the  back  pipe  to  maintain  the  surface  current  uni- 
formly clear  across  the  tank.  In  front  of,  and  bolted  to  the 
main  tank  is  a  narrow  rectangular  cone,  which  has  a  bottom 
discharge  and  overflow  weir,  as  in  the  main  tank.  The  joint 
between  the  tanks  is  made  watertight  by  means  of  light  iron 
channels  set  over  the  top  of  the  joint.  Supported  on  top  of 
the  main  frame  directly  over  the  joint  of  the  tanks,  is  the  take- 
off or  concentrate   collecting  device,    which    consists   of   two 
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6"  X  5'  rollers,  and  one  2|"  x  5'  roller,  supported  at  the  ends  by 
adjustable  arms.  Around  these  three  rollers  is  passed  a  heavy 
fabric  belt,  which  picks  up  the  concentrate  from  the  surface 
of  the  water  in  the  main  tank,  carries  it  over  to  the  concentrate 
tank,  where  it  is  washed  off  onto  the  surface  of  the  water  in 
that  tank  and  passed  on  over  the  weir  to  a  settling  or  filtering 
device.  The  main  shaft  of  the  machine  is  belt-driven,  and 
may  be  connected  with  any  suitable  source  of  power.  The 
roller  in  the  feed-hopper  and  the  take-off  rollers  are  driven  by 
cha'n  and  sprocket  gearing.     The  eccentric  shaft  for  vibrating 
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Flow-sheet  "A" 
Treatment  of  Molybdenite  by  the  Wood  flotation  system 


the  truss  is  driven  by  a  small  round  leather  belt.  The  power 
required  is  about  j  h.p.,  and  the  water  required  varies  from  5 
to  10  gallons  per  minute.  A  partially  submerged  corrugated 
rubber  cylinder  is  sometimes  substituted  for  the  moving  plane 
of  water.  For  molybdenite,  the  final  discharge  of  the  film  con- 
centrate passes  over  a  dewatering  and  cleaning  screen. 

Operation. — The  dry  crushed  ore,  sized  or  unsized,  falls 
from  the  hopper  to  an  inclined  vibrating  plate  and  thence  to 
the  surface  of  moving  water  in  the  tank.     Adjustments  can  be 
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made  permitting  the  ore  to  fall  from  a  minimum  of  I  inch,  up 
to  a  maximum  of  4  inches,  dependent  upon  the  size  of  the 
material.  Minus  10  mesh  ore  would  all  penetrate  the  surface 
film  if  dropped  four  inches,  while  if  falling  only  j  inch,  the 
molybdenite  will  float  upon  the  water  and  the  gangue  will 
sink.  A  -30  or  -40  mesh  ore  requires  a  greater  fall,  so  that 
the  individual  particles  will  meet  the  water  surface  indepen- 
dently. If  the  minimum  drop  is  used  with  such  fine  material, 
much  of  the  gangue  would  land  on  floating  portions  of  molyb- 
denite, and  not  having  a  chance  to  be  wetted,  would  con- 
taminate the  concentrate.  Jets  of  water  under  control  keep 
the  surface  of  the  water  in  motion  across  the  tank  towards  the 
take-off  belt,  so  that  an  area  of  fresh  water  surface  is  always 
ready  for  the  falling  feed.  While  passing  over  the  surface  of 
the  tank,  most  of  the  gangue  is  wetted  and  sinks.  The  molyb- 
denite film  adheres  to  the  emerging  belt,  is  lifted  out  of  the 
tank,  and,  at  the  point  where  the  belt  reverses  its  travelling 
direction,  it  meets  the  level  of  water  in  a  smaller  tank  and 
leaves  the  belt.  Crossing  a  few  inches  over  this  second  tank,  it 
falls  upon  a  nearly  vertical  dewatering  screen  of  the  same  mesh 
originally  used  in  crushing  the  ore.  The  result  of  this  treat- 
ment is  that  the  film  of  molybdenite  is  taken  away  from  the 
greater  portion  of  the  gangue,  which  either  sinks  or  is  suspended 
in  the  main  tank.  Such  particles  of  partially  wetted  gangue 
as  are  forced  on  to  the  belt  become  saturated  enroute  and  are 
dropped  into  the  second  tank  as  a  middling  product.  This  is 
often  as  clean  as  the  other  tailing,  but  if  molybdenite  is  there 
to  any  appreciable  extent,  it  is  reserved  for  re-treatment. 
Particles  of  gangue  and  gangue  in  suspension,  that  are  not 
dropped  in  the  second  tank,  readily  pass  through  the  meshes 
of  the  inclined  screen  and  also  constitute  a  middling  product. 
Both  of  these  middlings  are  usually  of  small  proportions  by 
weight  and  should  be  considered  as  part  of  the  material  to  be 
cleaned  by  re-treatment.  In  some  cases  the  additional  wetting 
of  the  gangue,  as  well  as  drying  of  the  exposed  sulphides,  is  so 
marked  that  canvas-covered  cylinders  are  placed  in  the  main 
tank,  the  film  being  lifted  up  twice  and  deposited  twice  before 
it  arrives  at  the  main  take-off  belt.  The  adoption  of  this 
'off-again-and-on-again'  plan  produces  such  a  clean  concentrate 


Concentration  of  Canadian  Molybdenite — Wood       117 

that  it  is  not  necessary  to  re-clean  the  main  product,  as  fre- 
quently has  to  be  done  to  raise  the  grade.  The  molybdenite  is 
diverted  to  suitable  concentration  boxes,  de-watered  by  de- 
cantation  or  filtering,  and  after  drying  is  ready  to  be  sampled 
assayed  and  shipped.  Some  of  the  smaller  tests  reported 
herewith  were  made  from  ore  crushed  at  —10,  —12,  -16  and 
—  20  mesh,  and  when  these  reach  the  30  or  40-mesh  final  clean- 
ing screen,  particles  of  gangue  are  too  large  to  pass  through  it, 
being  col'ected  with  the  concentrate  and  thereby  lowering  the 
grade  of  the  latter.  The  small  machine  used  for  the  pre- 
liminary investigations  has  a  10-inch  exposed  belt  surface  as 
against  54  inches,  in  width,  of  the  commercial  concentrator. 
It  also  has  but  about  one-half  the  length  for  the  flotation  period 
provided  in  the  large  machine.  As  a  result  of  these  two 
factors,  the  commercial  machine  usually  gives  better  results 
than  the  small  laboratory  device.  The  gangue  and  any  asso- 
ciated mineral,  not  so  readily  susceptible  of  flotation  as  molyb- 
denite, passes  through  the  film  and  becomes  dependent  upon 
gravity  conditions  for  separation.  In  the  preparation  of  the 
ore,  molybdenite  flakes  may  have  lost  their  original  tabular 
shape,  or  for  other  reasons  be  not  adaptable  to  flotation.  On 
this  account  the  tailing  after  flotation  passes  to  a  Wilfley  table. 
A  concentrate  is  obtained  which  contains  the  coarse  molyb- 
denite as  well  as  other  minerals  of  value,  such  as  copper,  free 
gold,  tungsten,  etc.  The  Wilfley  concentrate  is  subject  to 
re-treatment  for  additional  molybdenite  as  well  as  the  other 
minerals  mentioned.  Satisfactory  adjustments  having  been 
made,  the  operation  of  the  machine  then  becomes  automatic 
and  requires  only  the  usual  attention  given  to  milling  opera- 
tions. 

Conditions  Affecting  Capacity. — The  capacity  of  the  ma- 
chine is  mainly  dependent  upon  two  conditions,  i.e.,  size  of 
ore  being  treated,  and  the  ratio  of  concentration.  The  surface 
area  of  the  water  in  the  tank  can  sustain  only  a  definite  weight 
of  concentrate,  and  to  overload  it  will  cause  the  mineral  to 
sink.  The  water  film  is  elastic  and  the  concentrate  very  com- 
pressible, so  that  it  will  sustain  a  much  larger  weight  than 
seems  possible.  A  sheet  of  water  38  inches  x  38  inches  will 
support  1.55  pounds  of  molybdenite.     From  this  it  is  evident 
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that  excess  feeding  and  overloading  must  be  avoided.  To 
increase  the  capacity  as  affected  by  such  conditions  would 
necessitate  a  greater  area  of  tank  surface;  so  that  with  other 
parts  of  the  machine  in  proportion,  a  greater  amount  of  ore 
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Flow-sheet  "B"  , 

Combination  of  flotation  and  screening  for  ores  containing  large  flakes  of  MoSa 

I 
could  be  milled  per  machine.     It  is  merely  a  question  of  how     « 

wide  a  feed-plate  and  take-oflf  belt  can  be  safely  operated.     A     ; 

1%  to  1%  molybdenite  ore  with  a  gangue  which  is  quickly     j 
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wetted,  such  as  clean  quartz,  will  pass  through  very  rapidly 
when  crushed  to  ordinary  sizes.  The  feed  may  be  sized  or 
unsized,  but  if  a  sized  feed  is  given,  it  will  pass  through  at  a 
much  greater  rate.  The  machine  now  in  use,  with  feed  and 
take-off  belt  of  52  inches  width  will  treat  a  1%  molybdenite 
ore  at  a  rate  varying  from  10  to  20  tons  per  24  hours.  A  10% 
to  20%  or  higher  grade  ore  will  go  through  at  a  much  less  rate, 
in  proportion  to  the  tank  area.  Other  minerals  frequently 
float  and  take  up  just  as  much  space  as  the  molybdenite,  as  for 
instance,  chalcopyrite.  When  it  is  present  it  requires  a  second 
treatment,  when  the  partial  oxidation  caused  by  the  inter- 
mediate heating  and  drying  will  cause  it  to  sink,  while  the 
molybdenite,  which  does  not  oxidize  so  readily,  will  float. 
Under  the  usual  varying  conditions,  the  capacity  will  range 
from  4  to  15  tons  per  day.  The  fact  should  be  kept  in  mind 
that  if  high  grade  molybdenite  concentrate  could  be  made 
very  rapidly,  molybdenite  would  soon  cease  to  be  attractive 
financially. 

Effect  of  Associated  Minerals. — Graphite  is  occasionally 
associated  with  Canadian  molybdenite  and  they  are  frequently 
mistaken  for  each  other.  When  graphite  and  mica  are  in  an  ore 
that  contains  molybdenite,  the  two  former  minerals  are  at  once 
coated  with  the  softer  molybdenite  to  such  an  extent  that  all 
appear  to  be  molybdenite  until  the  analysis  is  made.  For- 
tunately neither  of  these  two  minerals  is  considered  objection- 
able and  they  are  also  partially  removable  by  either  gravity 
or  magnetic  assistance.  As  all  three  possess  several  character- 
istics in  common,  close  attention  must  be  given  them  in  some 
cases.  The  presence  of  graphite  is  not  detrimental,  as  it  re- 
quires a  higher  temperature  to  volatilize  it  than  is  needed  in 
roasting  the  MoSj  to  M0O3.  The  presence  of  mica  only  affects 
the  grade  of  the  concentrate  and  it  can  be  largely  removed  by 
a  longer  flotation  exposure,  or  with  a  higher  temperature  of 
the  water  over  which  it  floats. 

Canadian  molybdenite  ores,  occurring  as  they  do  in  the 
granite,  gneiss,  slates  and  quartzites,  which  contain  muscovite, 
biotite,  feldspar,  magnetite,  pyrite,  pyrrhotite,  chalcopyrite, 
nickel  and  other  sulphides,  offer  a  complex  problem  for  separa- 
tion.    Fortunately   the  characteristics  of  molybdenite  are  such 
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that  it  can  be  separated  if  properly  investigated.     Pyroxine,  | 
hornblende,  tourmaline  and  other  hard  minerals  are  frequently  i 
present.     The  preparation  of  the  ore  is  an  important  factor.  | 
Following  the  coarse  breakers,  ball  mills  are  preferable  to  rolls.  1 
By  the  use  of  the  former,  all  crystals  are  soon  crushed  to  a  stated  ] 
size  and  finer,  while  rolls  have  a  tendency  to  roll  up  the  semi-  i 
malleable  flakes  of  molybdenite,  or  so  shape  them  that  they 
do  not  present  a  suitable  area  for  flotation.     I  favour  the  re- 
moval of  the  large  scales  as  far  as  is  economical  by  screens  ^ 
or  trommels,  but  practically  all  scales  should  be,  as  previously  " 
stated,  re-crushed  and  floated.     I  also  prefer  feeding  the  ore  < 
direct  from  the  ball  mill  without  any  sizing,  if  it    has    been  j 
crushed  at  20,  30  or  40  mesh.     If  ore  has  been  crushed  to  —10 
or  —16  mesh,  it  is  adviable  to  feed  the  —30  or  —40  separately,  j 
The  — 10  -f-30  size  gives  very  satisfactory  results  in  most  cases,  i 
but  — 16  appears  to  be  in  about  the  right  condition.  \ 
For  convenience  in  comparison,  the  weights  of  recorded  \ 
tests   herewith   presented   are   expressed   occasionally   in   per-  I 
centages  by  weight.     One  of  the  tests  represents  a  50-ton  ship-  I 
ment,  two  are  of  one  ton  each,  and  the  remainder  of  various  ' 
weights  down   to  a  few  pounds,   but  all  are  Canadian  ores,  i 
Owing  to  recent  restrictions  placed  upon  the  exportation  of  j 
Canadian  ores,  no  lots  above  one  ton  have  been  treated  that  j 
contained  very  coarse  scales,  but  enough  has  been  milled  to 
convince  me  that  assorting  of  the  ore  can  be  dispensed  with.  I 
Between  sixty  and  seventy  samples  of  Canadian  molybdenite 
ores  have  been  submitted  to  the  writer  for  investigation.     The 
results  obtained  indicate  that  the  method  of  treatment  here  ] 
outlined  is  adaptable  to  practically  all  of  them.  i 

Series  of  Preliminary  Tests  and  Commercial  Operations. 

Test  No.  i: 

Locality  :  Ontario.     Very  basic,  with  large  scales  of  molybdenite. 

Plan  :  Gravity  separation  on  Reciprocating  Table. 

Assay  MoSj.  .(■ 

Weightof  ore-16  mesh 10  lbs 173%  . 

"        "  concentrate 137  grams 0 .  50%  j 

Concentration  ratio:  33.1  to  1.      Recovery:  0.87%.  J 

Note  :  Molybdenite  lost  by  floating  and  in  suspension.  - 
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Test  No.  2: 

Same  ore. 

Plan: — Oiled  and  collected  under  vacuum. 

Assay  MoSj. 

Weight  of  ore  -  30  mesh 1000  grams 1 .  73% 

"concentrate 81     "  6.50% 

Concentration  ratio:  12.3  to   1.      Recovery:  30.56%. 

Note:     Iron  sulphides  floated  with  the  molybdenite. 

Test  No.  3: 
Same  ore. 
Plan:     Direct  oil  flotation. 

Assay  M0S2. 

Weight  of  ore  -  60  mesh 500  grams 1 .  73% 

"  concentrate 10     "        39 .  20% 

Concentration  ratio:  50  to  1.      Recovery:  46.47%. 

Electrostatic  separation  is  not  applicable  to  a  base  ore  of  this  nature. 

Test  No.  4: 

Locality:     Ontario.     Few  large  scales. 
Plan:     (Flow  Sheet  "A")- 

Assay 

M0S2     Recovery 

Weight  of  ore- 12  mesh— 10000  grams 2  .  34% 

-12 +30  m.  con. -131  grams,  ratio  76.33  to  1 73.85%     41.11% 

30 m. concentrate. ...  163       "  "     61.35  to  1 52.40%     36.58% 

Total  concentrate....    294         "         "34         to  1 61.96%     77.69% 

Tailings 0.38% 

Note:  -  12  mesh  is  too  coarse  for  this  ore.     A -30  dewatering  screen  waS 
used,  whereas  a  -12  screen  is  required  and  concentrates  should  be  re-floated. 

Test  No.  5: 

Same  ore  and  plan  at  -  16  mesh. 

Assay 

M0S2     Recovery 

Weight  of  ore 5000  grams  (100%) 2 .  69% 

"  concentrate.   200       "       (4%) 56.45%     83.94% 

Tailing 0 .  48% 

Fed  unsized.     Concentrates  subject   to   re-flotation -30  m.     Dewatering 
screen  used. 

Test  No.  6: 

Same  ore  and  plan.     -  16-|-30  size.     Treated  for  scales  only. 

Assay 
M0S2     Recovery 

Weight  of  ore 5527  grams 2.69% 

"  flot.  concentrate..      72       "     81.80%     39.61% 

Ratio  of  concentration 76. 76  to  1. 
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Test  No.  7: 

Same  ore  and  plan.     Feed:  unsized  at  —  16  mesh. 

Assay 

M0S2     Recovery 

Weight  of  ore 5000  grams 2 .  30% 

"  flot.  concentrate.  .    176       "     57.05%     87.26% 

Ratio  of  concentration —28.41  to  1. 

Note:     Concentrate  require  re-f^otation  with  —  16  dewatering  screen. 

Test  No.  8: 

Same  ore  and  plan.  Assay 

M0S2     Recovery 

Weight  of  ore  -  16  mesh -5000  grams 2 .  20% 

Flotation  concentrate..  .  .    287       "       ratio.  17.42  to  1 33.85%     88.33% 

Re-floated             "                 110       "           "     45.45  to  1....  74.10%     78.00% 

Tailing 0.20% 

Note:     30  dewatering  screen  used. 

Test  No.  g: 

Locality:  Quebec.     Coarse  scales.  Assay 

M0S2  Recovery 

Weight  of  Ore 962  grams 60.00% 

-6meshf 3277     "     81.60%     46.26% 

-6+16mesh 174       "     84.20%     25.42% 

-16  +  40mesh 52       "     69.50%       6.26% 

-40m.flot.  con 117       "     47.90%       9.71% 


670       "     77.00%     87.65% 

Note:     Concentrate  were  not  re-cleaned  and  various  middling  products 
were  not  re-treated. 

Test  No.  10: 

Locality:  Ontario. — Plan  (Flow  Sheet  "B"). 

Per-  Assays 

cent  . " s  Recov- 

Weight  Weight  M0SS2      Fe  S       Insol.       ery 

lbs.  %  %         %         %         %         % 

Crude  ore  -16  mesh 2000       100.00     1.73  36.4     24.18  29.9 

1  st  grade  scales 12.6         .  63  74 .  00  26 .  90 

-16+30m.con 12.0         .60  79.50  27.55 

-13m. con.. 13.0         .65  70.00  26.25 

Total     middling     for     re-  Contain 

treatment 94.0       4.70     3.80  33.10  33.0       10.30 

Tailing 1725.0     86.25  Trace  38.20  24.60 

Overflow  loss 143.4       7.17 


2000.0  100.00 

Assay  of  combined  concentrate  — 74.4%  M0S2.     Total  recovery  80.70%. 

Notes:     Roasting    and    magnetic    cleaning    raises  the     concentrate    to 
82.6%  M0S2. 

All  concentrate  of  this  test  were  refloated. 
Actual  capacity  rates: 

25  tons  per  24  hours  for    -16  +  30  m.  size. 
5     "       "    24      "       "      -  30  m.  size. 
Average  15  tons  per  24  hours. 
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Test  No.  ii: 

Locality:  Quebec.     Plan  A.  at  20  mesh. 

Assays 

' ^ ■ — — ^  Recovery 

Fe  SiOj  M0S2 

Weight  of  ore 500  grams...     23.0%     22.50%     33.65% 

Flotation  concentrate.  .253     "  63.61%     95.64% 

I    Ratio  of  concentration .      1.976  to  1. 

Re-floated  concentrate  gave  an  80%  product  with  small  loss. 

Test  No.  12: 

Locality:  Ontario.     Heavy  pyritic  ore  at  10  mesh. 

Assay 

MoSia       Recovery 

Weight  of  ore 2286  lbs 12.52% 

Concentrate 367"   65.10%     83.20% 

Ratio  of  concentration  .  .  -  6.22  to  1. 

This  lot  should  have  been  milled  at  -  16  mesh  and  the  concentrate  re- 
floated to  raise  both  grade  and  percentage  of  recovery. 

Test  No.  13: 

Locality:  British  Columbia. 

Assay 

M0S2       Recovery 

Weight  of  ore  -  40  mesh ...  47 .  25  tons 12 .  26% 

Flotation  concentrate 7 .  43  "     70 .  10%     90 .  00% 

Concentration  ratio  - -  6 .  35  tons  into  one. 

Tailing 0 .  48% 

Test  No.  is: 

Locality:  Newfoundland.     (1911). 

Assay 

M0S2       Recovery 

Weight  of  ore  at  30  mesh. .  .  191  lbs 9.00% 

Concentrate 18" 79.55%     83.30% 

Ratio  of  concentration 10.61  into  1. 


NOTES  ON  MOLYBDENITE  OPERATIONS 
IN  NORWAY 

By  H.  H.  Claudet 

During  the  past  two  years  much  information  has  been 
published  in  the  transactions  of  the  Canadian  Mining  Institute 
concerning  molybdenite  and  its  occurrence  in  Canada.  Of 
particular  interest  in  this  connection  was  the  paper  of  Mr. 
Charles  W.  Drysdale.^  The  interest  attaching  to  the  subject 
of  the  production  of  molybdenum,  consequent  largely  on  con- 
ditions created  by  the  war  in  Europe,  renders,  I  hope,  allusion 
to  the  molybdenum  resources  and  industry  of  a  foreign  country 
timely  and  fitting. 

In  many  of  the  references  to  the  production  of  this  valuable 
mineral  little  is  said  about  the  Norwegian  mines,  and  in 
some  instances  what  has  been  printed  about  them  has  been 
incorrect,  in  spite  of  the  fact  that  Norway  is  one  of  the  prin- 
cipal molybdenum  producers  of  the  world  and  the  prospects  of 
its  increased  output  are  good.  Since  the  summer  of  1913  I  have 
at  different  times  had  the  opportunity  of  obtaining  some  inside 
information  concerning  two  of  the  principal  molybdenite  mines 
in  Norway  from  which  about  72  tons  of  concentrate  averaging 
75%  M0S2  were  produced  in  1914,  and  87  tons  of  a  similar  grade 
in  1915,  with  all  probability  of  a  steady  and  increased  produc- 
tion continuing  for  some  time  to  come.  I  am  not  at  liberty  to 
quote  figures  from  these  companies  but  in  a  general  way  will 
endeavour  to  make  use  of  the  information  I  have,  trusting  my 
observations  may  be  of  some  use  to  those  who  may  be  inter- 
ested in  molybdenite.  With  regard  to  the  market  conditions, 
from  the  practice  followed  here  there  does  not  appear  to  be 
the  necessity  for  producing  such  high  grade  material  as  former- 
ly, or  any  great  advantage  in  enriching  the  concentrate  much 
above  75%  M0S2,  as  the  price  quoted  is  per  unit  M0S2  and  with 
a  lower  grade  product  the  producer  just  loses  what  he  has  to 
pay  on  the  extra  freight.  A  defined  sliding  scale  of  price  similar 
to  that  in  vogue  in  America  is  not  apparently  customary  in 
Europe. 

The  area  in  which  molybdenite  occurs  in  southern  Norway 
is  quite  extensive  and  there  is  much  room  for  prospecting.     At 

iTrans.  C.  M.  I.,  Vol.  XVIII,  p.  247. 
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Knabeheien,  which  is  the  most  important  district,  the  general 
strike  of  the  formation  is  approximately  N-S,  dipping  at  varying 
angles  to  the  east,  in  some  cases  near  the  surface  quite  flat,  the 
orebearing  vein  being  quartz  varying  from  0  to  1  meter  in  width 
and  lying  in  granite  formation.  In  places  the  chief  ore-bearing 
rock  is  a  blue  quartz  vein  associated  with  mica  and  hornblende, 
with  more  or  less  barren  white  quartz  lying  between  the  blue 
quartz  and  hanging  wall  of  gneiss-granite,  a  layer  of  feldspar 
occurring  along  the  footwal    of  granite  prophyry. 

The  usual  gangue  constituents  associated  with  the  ore  are 
quartz,  feldspar,  mica,  hornblende  and  in  some  places  on  the 
surface  kaolin.  The  principal  sulphides  occurring  with  the 
molybdenite  are  pyrite,  chalcopyrite,  and  occasionally  pyrrho- 
tite,  in  varying  quantities.  The  yellow  oxide,  molybdite,  is 
rarely  met  with. 

To  give  some  idea  of  the  geology  of  the  deposit  the  follow- 
ing extract  is  taken  from  a  paper  published  by  Dr.  Otto  Falken- 
berg,  illustrating  the  opinion  of  one  who  has  studied  the  ques- 
tion closely. 

"The  most  important  discoveries  in  Norway  are  at 
"Knabeheien  near  Kvinas  valley.  North  of  Flekkefjord. 
"The  occurrences  are  associated  with  granite  and  partly 
"granite-gneiss.  They  appear  to  some  extent  in  intimate 
"association  with  massive  pegmatite,  and  specially  at  the 
"boundary  of  the  pegmatite  with  the  surrounding  granite. 
"In  other  places  one  can  best  speak  of  molybdenite- bearing- 
"quartz-rock,  and  finally  there  are  occurrences  of  ore  direct 
"in  the  granite  without  any  accompanying  kind  of  vein 
"matter.  This  last  is  however  usually  of  little  extension 
"and  seems  to  be  confined  to  small  veins  which  intersect 
"the  granite.  Owing  to  its  intimate  association  with  the 
"pegmatite,  the  want  of  a  distinct  line  between  the  vein 
"and  the  surrounding  granite,  together  with  the  appearance 
"of  fluospar,  the  author  considers  these  occurrences  to  be 
"formed  at  any  rate  partly  from  pneumatolytic  origin  in 
"connection  with  the  ascending  ore  bearing  solutions. 
"Their  formation  is  to  be  considered  as  the  last  after  effect 

"of  the  granite  eruptions The  ore  bearing  zones 

"are  intersected  by  several  diabase  dykes  running  approxi- 
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"mately  E-W,  having  a  width  up  to  five  meters.  They  do 
"not  appear  to  have  any  special  influence  on  the  ore's 
"occurrence.  The  diabase  dykes  can  be  followed  for 
"several  kilometers.  This  ore  bearing  zone  is  about  one 
"kilometer  broad  and  has  a  longitudinal  extension  from 
"north  to  south  of  about  twenty  kilometers.  A  further 
"continuation  is  not  out  of  the  question  as  the  same 
"granite  continues  also  beyond  the  present  known  ore- 
" bearing  zone,  but  is  little  explored.  A  red  granite  variety, 
"whose  red  colour  is  owing  to  large  orthoclase  crystals  must 
"be  considered  as  quite  unmetallic."^ 

As  will  be  gathered  from  the  foregoing  this  molybdenite  ore- 
zone  is  very  extensive,  but  so  far  there  is  nothing  to  prove  that 
the  ore  will  be  found  at  any  depth,  as  all  the  workings  are  quite 
shallow.  Probably  the  deepest  point  does  not  exceed  thirty 
meters  vertical  depth  (about  65  meters  on  the  slope)  and  while 
there  does  not  seem  to  be  any  decided  opinion  formed  yet,  it  can 
at  any  rate  be  stated  that  in  many  places  where  underground 
work  has  been  pursued  the  ore  has  been  found  to  disappear  at 
varying  shallow  depths,  sometimes  the  vein  pinching  out  and 
sometimes  remaining  in  a  barren  state.  The  molybdenite 
usually  is  finely  disseminated  throughout  the  gangue  but  at  the 
Knaben  mines  where  most  underground  work  has  been  done, 
considerable  enrichment  is  to  be  noted  in  places  where  quite 
rich  pockets  of  large  dimensions  have  been  encountered,  some- 
times producing  some  massive  pieces  of  molybdenite.  In  parts 
of  this  mine  some  of  the  stopes  will  measure  about  10  meters 
across  the  lode.  There  is  no  timber  close  to  the  mines  and  for- 
tunately practically  no  timbering  is  required  underground,  but 
in  the  case  of  the  large  stopes  at  Knaben  mines  the  management 
has  put  in  reinforced  concrete  pillars  with  satisfactory  results. 
All  the  mining  is  done  by  hand  work  with  singlejacks.  No  re- 
gular sampling  of  the  mine  ore  seems  to  be  customary  in  this 
district,  the  miners,  under  careful  supervision,  trusting  to  their 
eyes.  The  success  of  these  original  companies  and  the 
present     demand    for     molybdenum     has    resulted    in    great 


^Translation  trom  Om  Molybden maimer,  deres  forekomst,  opberedning, 
anvendelse,  etc.  av  Otto  Falkenberg,  i  Tidsskrift  for  Kemi  Farmaci  og 
Torapi.     1915. 
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activity   in   these  parts,   several   new  companies   having   been 
formed  to  exploit  and  develop  the  surrounding  claims. 

With  regard  to  ore  treatment,  both  these  companies  are 
now  using  the  Elmore  Vacuum  Process,  the  ore  being  crushed 
to  about  1  m.m.  (sometimes  coarser)  and  separated  in  one 
operation,  no  roasting  or  preliminary  sizing  or  concentrating 
being  required.  A  very  small  quantity  of  oil  is  used  and  no 
acid.  The  plant  is  simple  and  cheaply  operated,  and  being 
able  to  float  over  comparat  vely  large  particles  of  molybdenite, 
a  coarse  mesh  can  be  used,  thereby  minimizing  the  percentage 
of  slimes  and  simplifying  the  crushing  arrangements.  Original- 
ly, one  company  after  first  going  through  stages  of  primitive 
development,  during  which  period  a  crude  separation  was  ef- 
fected by  boys  picking  the  molybdenite  out  of  the  high  grade 
ore  with  a  penknife,  finally  in  1906  commenced  vvork  on  a  more 
elaborate  scale  and  built  a  wet  concentrator,  consisting  of  jigs 
and  tables  which  was  completed  in  1907.  This  was  idle  from 
1909  to  1913  and  was  replaced  in  1914  by  an  Elmore  plant 
after  comparative  trial  runs  had  demonstrated  that  a  consider- 
able improvement  in  results  was  thereby  effected.  At  times 
some  very  low  grade  ores  have  been  treated  here  particularly  at 
the  Kvina  Mines'  E  more  plant  (which  was  installed  towards 
the  end  of  1913)  presenting,  in  conjunction  with  the  presence 
of  other  sulphides  and  mica,  rather  a  refractory  proposition;  but 
commercial  results  have  been  attained  from  ore  as  low  as  0.4% 
to  0.5%  Mo.?2  which  material  has  been  concentrated  up  to  70% 
75%  MoSa  in  one  operation — a  very  high  ratio  of  concentra- 
tion. If  the  operators  found  it  necessary  to  produce  a  higher 
grade  concentrate  this  could  be  accomplished  by  a  double  treat- 
ment in  the  case  of  these  low  grade  ores,  but  with  a  good  grade 
milling  ore,  a  high  grade  concentrate  and  a  high  recovery  should 
be  obtained  in  one  operation  without  any  difficulty.  On  the 
whole  the  extraction  has  been  satisfactory,  varying  according 
to  the  grade  and  nature  of  the  mill  feed.  With  an  ore  contain- 
ing 0.8%  to  1.0%  MoSa  over  80%  recovery  and  concentrate 
varying  from  75%  to  85%  M0S2  is  obtained  in  practice,  but 
when  the  mill  feed  is  very  low  the  results  will  corespondingly 
suffer.  Fluctuations  in  results  must  be  expected  depending 
on  the  changes  of  character  or  grade  of  ore   treated,    but   the 
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companies  seem  well  satisfied  with  the  treatment  question,  the 
Kvina  Mines  having  recently  added  a  second  Elmore  unit  to 
meet  the  conditions  of  its  mine  and  the  Knaben  Mines  having 
just  decided   to  make  a  similar  addition. 

Reference  has  been  made  in  various  articles  to  the  difficul- 
ties of  treating  molybdenite  ores  containing  mixed  sulphides 
and  mica  and  it  will  probably  interest  engineers  and  others  to 
hear  that  mixed  suphide  molybdenite  ores,  as  far  as  can  be 
judged  from  the  description  similar  in  character  to  certain  types 
found  in  Canada,  have  been  successfully  treated  now  for  the 
last  couple  of  years  by  molybdenite  producers  in  Norway. 
The  reason  molybdenite  can  be  separated  from  the  other  sul- 
phides in  this  manner  is  attributed  to  the  preference  the  oil 
shows  for  different  sulphides,  the  affinity  towards  molybdenite 
being  very  strong.  Analyses  of  these  ores  are  not  available,  but 
it  can  be  stated  that  the  mill  feed  frequently  contains  con- 
siderable quantities  of  some  or  all  of  the  following  minerals, 
pyrite,  chalcopyrite  and  mica,  the  bulk  of  which  passes  into 
the  tailing.  It  may  be  well  to  assume  in  this  connection  that 
an  ore  might  conceivably  contain  so  little  M0S2  and  so  large 
an  amount  of  other  sulphides  and  mica  that  the  separation 
would  present  a  very  difficult  problem,  but  this  is  a  matter 
which  can  easily  be  ascertained  beforehand  by  conducting  tests 
on  representative  samples  from  the  mine.  Although  the  results 
obtained  here  can  be  considered  satisfactory,  an  improvement 
both  in  the  extraction  and  grade  of  concentrate  can  be  effected 
by  following  certain  ideas  based  on  the  experience  of  the  past 
work,  mostly  bearing  on  the  general  arrangement  of  the  mill. 
The  concentration  of  molybdenite  with  the  prevailing  high 
prices  cannot  be  viewed  in  the  same  light  as  the  treatment  of 
ordinary  ores.  For  example,  a  mill-hand  can  cause  a  loss  to 
his  employers  of  the  equivalent  of  his  day's  wages  simply  by 
dropping  a  pound  of  concentrate  ofi  his  shovel,  or  in  various 
other  ways  probably  owing  to  unsuitable  arrangements  for 
handling,  or  deficient  mechanical  appliances.  It  is  therefore  of 
the  utmost  importance  that  in  the  first  instance  every  care 
should  be  taken  to  provide  for  the  highest  mechanical  efficiency 
with  regard  to  arrangement  of  plant  combined  with  suitable 
design  to  give  the  necessary  metallurgical  results. 
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This  contribution  is  only  intended  to  present  a  general 
outline  of  what  is  being  done  with  molybdenite  ores  in  the  most 
important  district  of  Norway,  dealing  with  the  type  of  deposit 
found  there,  which  may  indeed  be  regarded  as  a  valuable  con- 
tributor to  the  world's  supply.  There  are  other  types  and  de- 
posits in  various  parts  of  Norway  from  which  small  productions 
of  molybdenite  are  being  made.  A  quartz  vein  at  Dalen  is 
being  exploited  with  promising  results,  having  produced  in  1915 
10  tons  of  handsorted  high  grade  ore,  5  tons  of  which  are  said 
to  assay  as  high  as  96%  M0S2,  the  balance  between  50%  and 
60%  M0S2.  In  the  near  future  an  increased  production  of 
molybdenum  from  Norway  can  confidently  be  expected. 

Turning  to  the  aspect  in  Canada  it  is  probable,  taking  into 
account  the  numerous  deposits  of  molybdenite  and  the  fact 
that  many  of  them  contain  disseminated  mineral,  that  several 
properties  will  be  equipped  for  production  with  a  treatment 
plant  during  the  year,  and  in  this  connection  the  following 
points  are  offered  for  consideration.  Owing  to  higher  costs  of 
labour  and  certain  supplies,  Canadian  operators  will  probably 
be  unable  to  profitably  handle  such  low  grade  ores  as  those  in 
Norway,  and  for  the  same  reason,  they  will  not  be  able  to  en- 
dure as  low  a  market  price  as  Norwegian  producers  when  treat- 
ing a  like  grade  material.  So  much  depends  on  the  price  that 
it  will  be  more  judicious  not  to  rely  on  the  present  favourable 
market  conditions,  and  if  a  molybdenite  property  is  being  con- 
iidered  as  a  legitimate  mining  enterprise  and  not  as  a  specula- 
ston  a  low  selling  price  should  be  figured  on. 

With  regard  to  the  conditions  which  would  warrant  the 
exploiting  of  a  molybdenite  property  in  Canada  the  inference 
can  be  drawn  from  the  experience  here  that,  allowing  for  higher 
working  costs,  a  mine  with  a  well  defined  vein  of  fair  width 
able  to  produce  thirty  tons  of  mill  feed  per  day  assaying  1% 
M0S2  should  present  under  ordinary  circumstances  an  attrac- 
tive investment,  reckoning  with  a  selling  price  of  $10  per  unit 
for  75%  M0S2.  Then,  if  owing  to  war  or  other  conditions  the 
market  price  stands  at  $25  per  unit  or  more,  the  owners  can 
take  in  their  extra  profits,  or  they  can  work  the  poorer  parts  of 
the  mine  or  dumps  while  the  high  prices  last. 
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The  above  statement  with  regard  to  the  estimate  of  profit- 
able mill  feed  must  be  qualified  in  order  to  avoid  any  mis- 
understanding. It  will  be  evident  that  no  figures  can  be  given 
in  this  manner  which  would  fit  every  case — the  local  condi- 
tions, the  occurrence  of  the  orebodies,  the  question  whether 
any  pockets  of  high  grade  ore,  as  well  as  the  milling  ore,  are 
encountered,  and  numerous  other  items,  will  all  have  an  im- 
portant bearing  on  the  grade  of  ore  necessary  for  successful 
operations;  but  the  figure  is  only  given  as  an  approximate  guide 
suitable  for  an  average  case. 

It  is  rather  difficult  to  guess  with  any  accuracy  as  to  what 
the  future  has  in  store  for  molybdenum;  on  the  one  hand  state- 
ments are  rife  concerning  its  increasing  uses — that  ferromolyb- 
denum  is  going  to  replace  ferrowolfram,  and  so  on;  while  on 
the  other  hand  rumors  occasionally  hint  at  substitutes  being  dis- 
covered which  will  limit  its  employment. 

The  metallurgy  of  molybdenum  in  some  respects  still  ap- 
pears to  be  in  its  infancy  and  until  more  is  known  about  it,  the 
extent  of  its  uses  must  remain  more  or  less  a  conundrum.  In 
the  meantime  it  seems  advisable  for  those  who  contemplate 
becoming  associated  with  a  molybdenite  property  to  bear  in 
mind  this  uncertainty  as  well  as  the  fact  that  the  same  interest 
and  excitement  which  is  being  exhibited  near  at  hand  prevails 
more  or  less  universally,  special  encouragement  having  been 
given  to  prospectors  and  others  in  many  countries  to  find 
molybdenite  properties. 

The  result  to  be  expected  is  that  in  the  near  future  a  com- 
paratively large  supply  of  molybdenum  will  be  forthcoming, 
and  while  many  may  benefit  temporarily  from  the  high  prices 
ruling,  the  market  will  in  all  probability  be  flooded,  in  which 
case  the  subsequent  drop  in  the  price  is  likely  to  put  many  of 
the  low  grade  properties  out  of  business,  or  at  any  rate  all  the 
properties  whose  costs  of  production  are  highest. 

I  must  record  my  thanks  to  Eng.  Oscar  Haughom,  manager 
of  Knaben  Mines,  and  to  Dr.  Eng.  Otto  Falkenberg,  manager  of 
Kvina  Mines,  for  some  items  of  information  relating  to  their  re- 
spective properties. 


SOME  EFFECTS  OF  THE  WAR  ON  THE  METAL- 
LURGICAL LXDUSTRIES  OF  CANADA 

By  Alfred  Stansfield 

Annual  Meeting,  Ottawa,  1916 

In  face  of  the  terrible  war  which  is  devastating  Europe 
and  in  which  the  bravest  citizens  of  Canada  are  offering  their 
lives,  it  is  with  diffidence  that  one  undertakes  to  speak  of  any- 
thing which  may  seem  like  profiting  at  the  expense  of  this 
terrible  carnage.  Nevertheless  it  will  be  remembered  that  the 
war  is  not  fought  entirely,  and  the  victory  which  we  expect  will 
not  result  solely,  from  the  sacrifices  made  on  the  field  of  battle, 
but  that  those  who  remain  behind  are  contributing  in  material 
resources  as  well  as  financially  to  the  prosecution  of  this  epoch- 
making  war. 

The  effect  of  the  war  on  Canadian  metallurgical  industries 
has  been  curious  and  not  at  all  what  would  have  been  expected. 
The  first  effect  was  to  stop  all  new  developments  and  to  curtail 
the  regular  production  of  the  mine  and  smelter  owing  to  the 
shortage  of  money  and  even  more  to  the  lack  of  confidence  in 
the  general  financial  situation.  This  effect  was  immediate  and, 
as  it  turned  out,  entirely  unnecessary.  Looking  over  the  metal 
markets  since  the  beginning  of  the  war  it  will  be  seen  that  for 
about  six  months  the  metals  which  are  produced  in  this  country, 
such  as  lead,  zinc,  copper,  aluminum,  nickel  and  silver  remained 
at  their  normal  price,  and  even  fell  somewhat.  Certain  metals 
such  as  antimony  and  tin,  which  are  not  produced  to  any  large 
extent  in  this  country,  were  more  irregular  and  tended  upwards 
early  in  the  war.  In  view  of  what  has  since  happened  it  seems 
strange  that  six  months  could  have  elapsed  before  the  need  of 
many  of  these  metals  for  the  production  of  ammunition  and 
other  warlike  supplies  caused  first  one  and  then  another  to  rise 
to  figures  which  have  become  phenomenal. 

Looking  at  the  chart  of  the  Canadian  metal  markets  during 
the  war  (Plate  I)  one  notices  the  phenomenal  rise  in  the  price 
of  aluminum,  which  before  the  war,  and  during  the  first  nine 
months  of  it,  remained  at  about  18c  per  lb.  Since  that  time  it 
has  risen  to  55c  and  upwards,  thus  indicating  enormous  profits 
to    the    Canadian    manufacturers   of    this    metal.     The    metal 
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antimony  has  produced  some  startling  sensations.  This  metal, 
for  which  ordinarily  the  uses  are  very  limited,  was  selling  at 
about  8c  per  pound  before  the  war.  On  account  of  the  need 
of  large  quantities  for  the  production  of  shrapnel  bullets,  the 
price  rose  rapidly  to  16c  and  later  to  as  much  as  40c  and  48c 
per  lb.,  an  enormous  price  to  pay  for  a  metal  of  such  compara- 
tively inferior  properties.  These  remarkable  prices  have  caused 
a  large  development  of  the  few  mines  in  Canada  producing  ores 
of  this  metal,  and  a  smelter  is  now  occupied  in  its  production. 
Spelter  sells  usually  for  5c  or  SJ^c  per  pound,  and  it  rose  to  6c 
shortly  after  the  declaration  of  war,  but  early  in  1915  the  price 
began  to  mount  rapidly  and  for  more  than  a  year  it  has  been 
above  15c,  the  usual  price  for  copper,  and  has  reached  30c  (six 
times  its  usual  price)  being  for  three  months  actually  above 
the  enhanced  price  of  copper  itself.  The  price  of  copper  was 
less  markedly  affected  by  the  war,  but  rose  about  June,  1915, 
to  20c  per  pound,  and  during  the  last  three  months  has  stood 
at  about  30c.  Lead  has  been  the  least  buoyant  of  all  the  metals 
used  in  the  war,  being  made  on  so  large  a  scale  that  even  the 
requirements  for  bullets  has  only  caused  a  moderate  increase 
of  price;  10c  being  the  highest  figure  reached,  and  that  only  for 
a  short  time. 

Silver  alone  has  been  disappointing  from  a  commercial 
point  of  view,  possibly  because  we  no  longer  try  to  overcome 
the  forces  of  the  evil  one  by  means  of  a  silver  bullet.  The 
price  dropped  from  56c  down  to  below  50c  during  the  first  year 
of  the  war,  and  the  output  of  the  Cobalt  mines  and  smelters 
has  been  correspondingly  checked.  The  price  of  silver  has 
improved  during  the  present  year,  and  has  even  risen  above 
75c  for  a  short  time. 

During  the  past  few  months  the  metals  largely  used  in  the 
war,  zinc,  lead,  tin,  antimony,  and  to  a  less  extent  copper,  have 
shown  a  downward  tendency  This  is  no  doubt  due  to  a  re- 
adjustment of  the  supply  to  the  demand,  but  we  may  hope 
also  that  it  points  to  a  time  not  far  distant  when  the  special 
war  requirements  will  come  to  an  end. 

The  request  from  England  that  Canadian  manufacturers 
produce  some  of  the  war  munitions,  a  request  which  was  so 
ably  met  by  the  Shell  Committee,  started  a  fresh  era  in  the 
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metallurgical  industries  of  this  country.  In  addition  to  the 
work  given  to  metal  workers  there  was  great  need  for  the  raw 
materials — steel,  copper,  zinc  and  brass,  lead  and  antimony. 
The  effect  of  the  war  on  the  iron  and  steel  industry  has  been 
dealt  with  very  satisfactorily  by  Colonel  Thomas  Cantley,^  but 
there  are  a  few  points  to  which  I  may  give  special  attention. 
One  of  these  is  the  electric  furnace  production  of  steel ;  this  was 
well  known  and  in  operation  in  different  parts  of  the  world, 
but  it  had  not  been  realized  in  Canada  what  the  electric  furnace 
offered  to  the  commercial  operation  of  a  steel  foundry,  until 
the  urgent  demand  for  steel  for  shells  and  tools  led  to  the  in- 
troduction of  the  electric  furnace  in  many  engineering  plants 
in  this  country.  This  subject  has  been  dealt  with  at  a  meeting 
of  the  Montreal  Metallurgical  Association  last  fall,  and  I  need 
only  add  that  the  Evans-Stansfield  process  for  making  tool 
steel  directly  from  titaniferous  magnetite  ores  has  been  again 
put  into  operation,  and  I  understand  that  very  satisfactory  re- 
sults have  been  obtained.  In  my  recent  report  to  the  Mines 
Branch  on  the  electric  iron  smelting  industry  in  Sweden  I  did 
not  hold  out  much  hope  for  its  application  in  this  country, 
but  recent  developments  make  it  probable  that  we  may  be 
able  before  long  to  utilize  in  this  way  some  of  our  enormous 
titaniferous  magnetite  deposits  and  to  produce  a  special  quality 
of  iron  which  may  rival  the  famous  Swedish  irons. 

In  connection  with  the  production  of  special  qualities  ot 
steel  it  is  well  known  that  there  has  been  a  deficiency  of  tungs- 
ten for  this  purpose.  Molybdenum  which  is  largely  found  in 
Canada  can  be  used  to  a  certain  extent  instead  of  tungsten 
and  the  demand  for  this  metal  has  led  to  an  important  develop- 
ment of  several  of  our  molybdenite  deposits.  The  ore  dressing 
problems  have  been  worked  out  satisfactorily  by  Mr.  Macken- 
zie at  the  Mines  Branch  in  Ottawa  and  a  fitting  conclusion  will 
be  the  development  in  this  country  of  the  electric  furnace  pro- 
duction of  ferro-molybdenum,  now  being  undertaken  by  the 
Tivani  Electric  Steel  Company  at  Belleville. 

In  March  1915  the  difficulty  of  obtaining  zinc  for  brass 
making,  and  the  possibility  that  even  copper  might  be  unob- 
tainable, led  to  the  formation  of  a  Commission,  consisting  of 
Col.  David  Carnegie,  Dr.  A.  W.  G.  Wilson  and  myself,  which 

iBuU.  CM. I.,  No.  45,  Jan.  1916,  p,  25. 


War  Effects  on  Canadian  Metallurgy — Stansfield     135 

made  an  extended  trip  throughout  Canada  to  study  the  sup- 
plies of  copper  and  zinc,  and  the  possibilities  of  producing  these 
metals  in  their  marketable  form  in  this  country.  With  regard 
to  zinc  the  situation  was  as  follows.  Zinc  concentrates  from 
British  Columbia  had  been  shipped  in  moderate  amounts  to 
smelters  in  the  United  States  at  prices  which  were  not  very 
profitable  to  the  miners.  At  the  outbreak  of  the  war,  whether 
from  political  or  economic  reasons  I  need  not  discuss,  the  smelt- 
ers refused  to  take  these  concentrates  at  any  reasonable  rates 
and  therefore  while  the  Shell  Committee  needed  the  zinc  the 
British  Columbia  ores  remained  unused.  Many  attempts  had 
previously  been  made  to  smelt  these  ores  in  Canada  instead  of 
shipping  them  to  the  States.  Smelters  of  the  Belgian  or  similar 
type  and  also  electric  smelters  had  been  tried  without  any  com- 
mercial success.  In  view  of  the  urgent  demand  for  spelter  it 
was  important  to  obtain  the  metal  even  if  the  cost  of  doing  so 
were  somewhat  high,  and  either  of  these  methods  might  have 
been  employed  at  a  profit  under  the  prevailing  conditions. 
The  British  Columbia  ores  however  contain  so  much  lead  that 
an  ordinary  distillation  process  would  not  yield  the  pure  metal 
required  for  the  manufacture  of  brass  for  cartridge  cases,  and 
therefore  it  was  decided  to  try  an  electrolytic  process  which 
was  capable  of  producing  a  pure  zinc  from  these  mixed  lead- 
zinc  ores  and  at  the  same  time  leaving  the  lead  and  silver 
available  for  recovery.  Some  work  had  been  done  before  the 
war  in  this  direction,  but  the  war  undoubtedly  had  the  effect 
of  very  largely  accelerating  the  development  of  the  new  metal- 
lurgy of  zinc  which  has  made  such  strides  within  the  last  year. 
In  this  paper  I  need  not  go  into  details  in  regard  to  the  pro- 
cesses adopted,  but  shall  merely  mention  that  in  use  at  Trail 
which  is  substantially  the  same  as  the  process  adopted  at  Ana- 
conda and  other  points  in  the  United  States;  the  French  pro- 
cess which  has  been  experimented  with  at  the  works  of  the 
Standard  Mining  Company  in  British  Columbia,  and  the  Watts 
process  which  is  now  in  commercial  operation  at  a  plant  in 
Welland,  Ont.  At  Trail  there  is  established  a  plant  which 
must  have  cost  in  the  neighbourhood  of  one  million  dollars, 
and  which  should  have  an  output  of  at  least  forty-five  tons  of 
zinc  a  day  when   in   full   operation.     This   plant  utilizes   the 
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complex  lead-zinc  ores  from  the  Sullivan  mine  and,  while 
separating  and  recovering  the  zinc,  the  associated  lead  and 
silver  are  left  in  a  form  that  is  readily  available  for  smelting 
in  the  lead  furnace.  I  may  add  that  the  Watts  process  was 
invented  by  Mr.  E.  E,  Watts.  M.  Sc.  at  Queen's  University 
and  was  further  developed  by  him  in  my  own  laboratories  at 
McGill  University,  and  I  have  therefore  watched  with  extreme 
interest  the  application  of  this  process  to  commercial  require- 
ments. It  has  been  stated  that  the  cost  of  making  zinc  by 
electrolysis  is  so  much  higher  than  by  the  Belgian  process 
that  the  electrolytic  process  could  not  permanently  stand  in 
face  of  the  production  of  zinc  at  cheap  rates  in  the  United 
States.  It  is  scarcely  possible,  at  present,  to  determine  what 
will  be  the  cost  of  the  electrolytic  process  when  it  has  been 
full  worked  out,  but  in  any  case  it  should  be  remembered  that 
the  electrolytic  zinc  commands  a  price  which  under  normal 
conditions  is  sufficiently  higher  than  that  of  ordinary  spelter 
to  about  neutralize  any  probable  difference  in  cost  of  extraction 
and  that  in  addition  there  is,  with  the  new  method,  a  greater 
economy  of  the  associated  metals  lead  and  silver.  It  is  too 
soon  yet  to  speak  of  the  degree  of  extraction  obtained,  but 
there  seems  no  reason  why  this  should  not  ultimately  be  higher 
than  that  obtained  by  furnace  methods  in  conjunction  with 
concentration  processes,  and  thus,  in  one  way  and  another,  I 
have  every  confidence  that  the  industry  so  established  will 
become  a  permanent  asset  to  the  Dominion  and  that  after  the 
war  we  shall  be  able  to  supply  from  Canadian  mines  enough 
zinc  to  meet  all  the  needs  of  this  country. 

The  situation  with  respect  to  copper  was  less  urgent  than 
in  regard  to  zinc  as  it  seemed  probable  that  we  could  continue 
to  obtain  all  our  requirements  from  our  neighbours  to  the 
south.  Copper  is  mined  and  smelted  but  has  never  been  brought 
to  the  marketable  condition  in  this  country,  all  shipped  to 
the  refineries  in  the  States.  This  applies  both  to  the  copper 
of  British  Columbia  and  to  the  copper  from  the  Sudbury 
district.  In  view  of  existing  contracts  it  would  have  been 
very  difficult  to  establish  a  large  copper  refinery  in  this  country, 
but  we  are  glad  to  learn  that  the  Consolidated  Mining 
and    Smelting    Company    have    installed    equipment    for    the 
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bessemerization  and  refining  of  their  own  supplies  of  copper  so 
that  a  beginning  at  least  has  been  made  in  the  production  of 
copper  as  well  as  zinc  in  this  country. 

In  connection  with  the  supplies  of  these  two  metals  we 
are  led  to  consider  the  further  operations  which  depend  on 
them.  At  Lachine  the  Copper  Products  Company  have  erected 
a  plant  for  making  and  rolling  brass  for  use  in  ammunition, 
and  it  may  be  pointed  out  that  such  a  plant  may  be  looked 
upon  as  initiating  a  permanent  industry  which  will  render  us 
independent  of  the  supplies  of  copper  and  brass  in  their  finished 
form  which  we  at  present  import  in  such  large  quantities. 
This  subject  has  been  very  thoroughly  treated  in  a  paper  by 
Mr.  G.  C.  Brown  recently  read  before  the  Montreal  Metal- 
lurgical Association.^ 

A  great  deal  of  discussion  has  taken  place  since  the  war 
with  regard  to  the  refining  of  nickel.  At  present,  as  is  well 
known,  the  production  of  copper  and  nickel  from  the  Sudbury 
Mines  is  exported  to  the  States  and  to  a  less  extent  to  England 
in  the  form  of  matte  for  its  final  treatment.  This  treatment 
consists  of  somewhat  elaborate  processes  for  the  separation  and 
purification  of  these  two  metals.  Early  in  1915  a  Commission 
was  appointed  by  the  Ontario  Government  to  investigate  this 
situation  with  regard  to  the  economic  possibility  of  refining 
the  matte  in  Canada;  thus  assisting  in  building  up  the  metal- 
lurgical industries  of  this  country  as  well  as  giving  us  fuller 
control  over  the  metal  nickel  which  is  so  important  an  element 
in  modern  warfare.  In  the  meantime  arrangements  have 
been  made  between  the  Dominion  Government  and  the  Inter- 
national Nickel  Company  whereby  they  will  establish  at  an 
early  date  in  Canada  a  refinery  capable  of  meeting  the  present 
British  needs  of  nickel.  Thus  we  see  that  the  war  has  in  this 
respect  enabled  us  to  take  a  step  ahead  for  which  we  mighil 
have  waited  many  years  in  the  absence  of  such  a  stimulusu, 
The  Ontario  Nickel  Commission  has  not  yet  completed  its 
investigation  and  we  cannot  predict  what  its  recommendations 
may  be,  but  it  seems  highly  probable  that  a  process  will  be 
found  which  may  result   in   some   considerable   simplification 
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of  existing  methods  for  the  treatment  of  a  part  at  least  of  the 
output  of  the  Sudbury  ores,  and  we  may  confidently  look  to 
important  developments  in  this  direction  which  will  enable  us 
to  retain  a  considerable  part  of  the  nickel  and  associated  copper 
in  this  country  and  thus  to  increase  not  merely  the  industries 
involved  in  their  production,  but  those  which  will  be  built  up 
in  connection  with  their  utilization. 

In  conclusion  I  may  speak  of  another  metal  which  is  far 
less  well  known — magnesium.  This  metal,  which  has  been 
used  on  the  small  scale  for  photographic  purposes,  was  needed 
in  enormous  amounts  for  war  purposes  in  connection  with  the 
star  shells  and  other  appliances  for  illuminating  the  armies  at 
night.  Magnesium  was  produced  before  the  war  from  the 
well-known  Carnalite  deposits  in  Germany,  and  was  exported 
to  other  countries.  When  war  was  declared  we  were  unable 
to  obtain  either  the  metal  or  the  salts  from  which  it  was  pre- 
pared, and  experimenters  in  the  United  States  and  in  this 
country  attempted  the  production  of  this  metal  which  was  so 
urgently  needed  for  assisting  warlike  operations.  Without 
going  into  this  in  any  detail  I  may  state  that  in  February  and 
March  1915  I  carried  out  some  successful  experiments  on  the 
production  of  this  metal  in  the  laboratory  and  that  this  process 
has  been  developed  on  a  considerable  scale,  and  the  commercial 
manufacture  of  magnesium  in  Canada  has  now  been  in  opera- 
tion for  nearly  a  year;  Canadian  magnesium  being,  I  believe, 
manufactured  and  placed  on  the  market,  decidedly  ahead  of 
that  from  the  United  States. 

In  this  paper  I  have  attempted  to  give  some  account  of 
the  remarkable  advances  which  have  been  forced  upon  this 
country  by  the  European  war.  I  have  not  made  any  attempt 
to  treat  the  subject  comprehensively,  but  merely  to  indicate 
the  general  situation  and  to  give  examples  of  a  few  points  with 
which  I  am  personally  familiar.  The  general  conclusion  will 
be  seen  to  be  that  the  need  of  supplying  certain  metals  has 
enabled  Canadian  manufacturers  to  inaugurate  a  number  of 
important  industries,  which  should,  after  the  war,  remain  as 
permanent  assets  to  Canadian  industry,  and  which  are  estab- 
lishing Canadian  metallurgy  on  a  far  wider  basis  than  ever 
before. 


CANADIAN  MAGNESITE 
By  Howells  Frechette,  Ottawa,  Ont. 

(Annual  Meeting,  Ottawa,  1916.) 

The  development  of  new  or  increased  markets  for  a  number 
of  minerals,  resulting  from  the  general  readjustment  of  economic 
conditions  on  this  continent  as  well  as  in  Europe,  has  been  the 
cause  of  more  than  ordinary  attention  being  directed  to  our  min- 
eral resources  since  the  beginning  of  the  war. 

Markets  have  opened  for  minerals  which,  in  this  country, 
have  lain  dormant  or  have  been  exploited  but  slightly.  Among 
these,  magnesite  is  one  of  the  most  important.  Previous  to  the 
war,  the  Canadian  deposits  of  magnesite  attracted  but  little 
attention,  and  the  literature  on  the  subject  is  very  meagre. 
Therefore  the  following  notes  on  the  occurrence,  technology  and 
uses  of  this  mineral  may  be  deemed  opportune. 

Canadian  Magnesite  Deposits 

Magnesite  (magnesium  carbonate)  and  hydromagnesite 
(basic  magnesium  carbonate,  containing  about  20%  combined 
water)  have  been  reported  as  occurring  in  more  or  less  abundance 
in  several  localities  in  Canada.  In  the  following  notes  on  the 
Canadian  deposits  of  magnesite,  reference  is  omitted  to  those 
known  occurrences  which  can  be  classed  merely  as  of  mineralogi- 
cal  interest. 

Yukon  Territory. — Ferruginous  magnesite  was  encountered 
by  Mr.  R.  G.  McConnell  in  considerable  abundance  on  Big 
Salmon,  and  Indian  Rivers,  Yukon  Territory.^  They  are  of  no 
immediate  commercial  importance  owing  to  their  remoteness 
from  industrial  centres,  and  the  difificulties  of  transportation. 

British  Columbia. — The  following  information  relating  to 
the  deposits  of  hydromagnesite  at  Atlin,  was  kindly  supplied  me 
by  Dr.  G.  A.  Young,  of  the  Geological  Survey  who  examined 
them  during  the  summer  of  1915. 

'Geol.  Survey  Annual  Report,  Vol.  XI,  p.  15  R. 
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The  principal  deposits  occur  in  two  groups:  one  group — 
situated  half  a  mile  from  Atlin  wharf — consists  of  a  large  body 
and  four  small  ones;  the  other,  comprising  three  large  bodies,  is 
situated  just  east  of  Atlin.  The  material,  which  is  earthy  in 
character,  is  exposed  directly  at  the  surface  with  no  overburden. 
The  beds  are  seldom  more  than  5  feet,  or  less  than  1  foot  in 
thickness,  and  vary  in  area  from  a  fraction  of  one  acre  to  18  acres 
in  one  case.  The  aggregate  tonnage  of  the  two  groups  was  esti- 
mated at  180,000  tons.  The  following  average  of  partial  analyses 
of  eleven  samples,  together  with  the  range  of  composition  will 
indicate  the  high  grade  nature  of  the  material : 

Average  of  Range  of  composition. 

U  samples       Minimum        Maximum 

SiO, 2.06  .54  to  9.22 

R.Oj 1.48  .64  to  2.44 

CaO 1.31  .16  to  6.44 

MgO 40.47  35.23  to  43.04 

During  the  summer  of  1915,  several  hundred  tons  of  hydro- 
magnesite  was  mined  at  Altin,  and  shipped  to  Vancouver,  but  I 
understand  it  has  not  yet  found  a  market.^ 

Prof.  Gwillim^  in  his  report  on  the  Atlin  Mining  District 
says,  "Brown-weathering  outcrops  of  magnesite  occur  along  the 
shore  of  Atlin  lake,  near  the  mouth  of  Pine  creek,  also  on  Taku 
inlet  west  of  Taku  mountains.  It  is  met  with  in  smaller  areas 
about  the  head  of  McKee  creek,  also  on  the  mountains  between 
Ruby,  Boulder,  and  Birch  creeks.  This  rock,  when  in  large 
masses,  is  usually  affected  by  the  presence  of  numerous  quartz 
veins  and  stringers  of  small  size.  It  is  also  more  or  less  im- 
pregnated with  pyrites,  as  at  the  Anaconda  group  of  claims 
near  Atlin,  where  there  is  a  band  of  this  rock  over  1,000  feet 
wide." 

Magnesite  is  also  found  near  Illecillewaet;  and  hydro- 
magnesite  in  the  vicinity  of  108-mile  House  on  the  Cariboo  road, 
about  93  miles  north  from  Ashcroft.  At  this  place  the  beds  cover 
an  area  of  probably  fifty  or  more  acres,  and  attain  a  thickness  of 
as  much  as  30  feet.    A  sample  from  these  beds  is  described  as 

1  Since  the  above  was  written,  this  material  has  been  sold  and  shipped  by 
rail  to  Pennsylvania. 

2Geol.  Survey  Annual  Report,  Vol.  XII,  p.  21  B. 
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follows: — "The  material  examined  consisted  of  a  pure  white, 

more  or  less  firmly  compacted,  yet  readily  friable,  aggregate  of 

very  fine  crystalline  particles  with  a  few  delicate,  intermingled 

rootlets.    Its  analysis  afforded  Mr.  R.  A.  A.  Johnston  the  foUow- 

ng  results^: — 

Insoluble 
residue 

Carbon  dioxide 37.03  * 

Magnesia 43.71  0.02 

Lime 0.10  0.03 

Alumina 0.02  0.10 

Ferricoxide 0.04  0.03 

Phosphorus  pentoxide 0.30  .... 

Silica,  soluble 0.38  1.35 

Water,  with  a  little  organic  matter 17 .  79  .... 

Insoluble  residue 1 .  53*  .... 


100.90         1.53" 

Quebec. — The  deposits  of  most  importance  in  Canada  are 
located  in  this  province:  to  the  north  of  the  Ottawa  river,  in 
Grenville  township,  Argenteuil  county.  Extending  from  about 
the  middle  of  the  township  to  the  northern  boundary  is  a  series 
of  exposures  of  magnesite  which  bears  a  striking  resemblance  to 
the  Laurentian  crystalline  limestone,  which  is  of  frequent  occur- 
rence throughout  the  northern  portion  of  the  St.  Lawrence  basin. 
The  magnesite  is  a  hard,  white  rock,  ranging  in  texture  from  mas- 
sive to  rather  coarsely  crystalline.  Serpentine  is  a  common 
impurity,  in  some  places  constituting  a  large  part  of  the  rock, 
though  usually  in  small  specks  insignificant  in  amount.  The 
outcrops  vary  in  size  up  to  125  feet  by  630  feet.  In  one  case  I 
have  traced  them  at  more  or  less  frequent  intervals  for  a  distance 
of  about  6,000  feet  along  a  fairly  straight  course.  While  there  is 
no  direct  evidence  of  continuity  from  one  outcrop  to  another 
there  is  no  doubt  but  what  a  very  large  tonnage  of  magnesite 
is  available. 

In  the  Eastern  Townships  magnesite  has  been  encountered 
in  Bolton  and  Sutton.    The  Bolton  deposits  though  of  consider- 
able size  are  very  impure  and  need  not  be  considered  as  of  any  im- 
iGeol.  Survey  Rep.,  Vol.  XI,  p.  10  R. 
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mediate  commercial  importance.  In  Sutton,  a  bed  one  foot  in 
thickness  has  been  reported.  It  is  not  only  of  small  dimension, 
but  quite  impure. 

Mining  of  Magnesite  in  Canada 

The  first  regular  mining  of  magnesite  in  Canada  was  by  the 
Canada  Magnesite  Co.,  Limited — now  the  North  American 
Magnesite  Co.,  Limited— in  1908.  They  worked  a  deposit  on 
lot  18,  range  XI,  Grenville  township;  but  later  abandoning  this 
opened  one  on  lot  15,  range  IX,  in  the  same  township,  thereby 
reducing  the  distance  of  haulage  to  Calumet  from  about  12  miles 
to  8  miles.  One  10-ton  "Keystone"  kiln,  and  two  4-retort 
furnaces  for  calcining  the  magnesite  were  constructed,  as  well 
as  a  mill  for  grinding  and  packing  the  product.  This  company 
operated  more  or  less  continuously,  on  a  small  scale,  up  to  1915, 
when  their  output  was  materially  increased.  In  the  same  year 
other  companies  entered  the  field:  the  Grenville  Lumber  Co., 
Limited;  the  Scottish-Canadian  Magnesite  Co.,  Limited;  and 
Messrs.  Fitzsimons  and  Boshart;  all  of  whom  are  producing,  and 
at  least  one  other  company — the  Dominion  Magnesite  Co., 
Limited. — is  preparing  to  open  a  quarry.  All  are  working  in 
the  township  of  Grenville. 

In  Western  Canada,  last  year,  one  company — Armstrong, 
Morrison  &  Co.,  mined  hydromagnesite  at  Atlin,  and  made  a 
shipment  of  about  600  tons  to  Vancouver.  This  product  was  not 
marketed  in  1915,  hence  the  amount  is  not  included  in  the  table 
given  below. 

Production  of  Magnesite  in  Canada* 

Tons  Value 

1908 120  $   840.00 

1909 330  2,508 .  00 

1910 323  2,160.00 

1911 991  5,531.00 

1912 1,714  9,645.00 

1913 515  3,335.00 

1914 358  2,240.00 

1915 14,779**  126,535.00 

*From  reports  of  the  Statistics  Division  of  the  Mines  Branch. 
**Includes  some  calcined. 
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Magnesite  is  marketed  in  three  forms:  crude,  caustic,  and 
dead-burned.  The  crude  material  is,  as  it  comes  from  the  quarry, 
in  lumps  up  to  10  or  12  inches  in  diameter.  Caustic  magnesia  is 
produced  by  calcining  magnesite  in  vertical  kilns  or  retort  furn- 
aces at  a  temperature  of  about  1,100°  C.  It  retains  an  appreciable 
amount  of  carbon  dioxide,  and  possesses  the  property  of  absorb- 
ing moisture  and  carbon  dioxide  from  the  air  or  other  sources. 
Consequently  it  deteriorates  rapidly  in  storage,  unless  in  a  pow- 
dered form,  in  which  case  air-slaking  proceeds  to  only  a  very 
limited  depth.  Dead-burned  magnesite  is  obtained  by  calcining 
magnesite  at  a  sufficiently  high  temperature  to  drive  off  all  the 
carbon  dioxide.  In  this  form  it  is  not  subject  to  air-slaking.  Dead- 
burning  is  accomplished  in  either  vertical  kilns  or  in  horizontal 
rotary  kilns  similar  to  those  used  in  cement  making. 

Uses  of  Magnesite 

As  a  refractory  material,  magnesite  is  employed  in  the  mak- 
ing of  firebricks,  crucibles,  etc.,  also  for  linings  of  open  hearth 
furnaces,  and  Bessemer  converters.  For  such  purposes  a  dead- 
burned  magnesite  is  required. 

In  the  sulphite  process  of  making  paper  pulp  from  wood, 
calcium  or  magnesium  bisulphite  is  the  reagent  employed  to 
disintegrate  the  wood  chips.  This  is  prepared  by  allowing  sul- 
phurous acid  to  react  upon  either  crude  or  calcined  limestone 
or  magnesite.  The  magnesium  bisulphite  is  said  to  be  more  stable 
and  to  dissolve  the  non-cellulose  matter  even  more  completely  than 
the  calcium  bisulphite,  and  at  the  same  time  produces  a  better 
grade  of  pulp.  The  magnesite  may  be  used  in  the  crude  state,  or 
as  caustic  magnesia.  The  utilization  of  magnesite  for  this  pur- 
pose has  not  been  developed  to  its  full  possibilities  in  this 
country,  where  so  much  sulphite  pulp  is  made. 

When  caustic  magnesia  is  wetted  with  a  solution  of  mag- 
nesium chloride  a  reaction  takes  place,  causing  the  whole  to  set 
as  a  strong  hard  cement.  This  property  is  taken  advantage  of  in 
making  a  certain  type  of  flooring,  in  which  case  filling  materials 
are  added  to  the  mixture,  such  as  sand,  marble  dust,  clay,  talc, 
asbestos,  wood  flour,  and  cork  dust,  as  well  as  a  pigment  to  give 
the  desired  color.  The  floors  thus  made  are  proving  highly  satis- 
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factory  and  are  said  to  be  far  superior  to  those  made  with  any 
other  cement. 

A  stucco  for  outside  use  is  also  prepared  in  a  similar  manner 
from  caustic  magnesia. 

Magnesite  is  the  raw  material  for  the  preparation  of  various 
chemicals  such  as  magnesium  sulphate,  magnesium  chloride, 
and  precipitated  magnesia,  as  well  as  metallic  magnesium. 

Carbon  dioxide  used  in  aerating  beverages,  is  frequently 
obtained  by  calcining  magnesite  in  closed  retorts.  The  gas  given 
off  is  collected  under  pressure  in  iron  flasks. 

The  Market 

In  considering  the  market  for  many  of  our  minerals  it  has 
been  found  that  while  the  domestic  needs  are  not  to  be  disregard- 
ed, it  is  the  export  trade  that  must  be  looked  to  for  the  basis 
of  a  large  industry.  This  is  especially  true  in  the  case  of  magnesite. 
Let  us  first  get  an  idea  of  the  quantity  used  in  Canada,  and  com- 
pare it  with  a  rough  estimate  of  the  consumption  in  the  United 
States — our  nearest  foreign  market.  Previous  to  the  war,  about 
2,500  tons  of  crude,  and  4,000  tons  of  calcined  magnesite  were 
consumed  in  Canada  per  year:  equal  to  a  total  of  10,500  tons 
crude.  The  United  States  consumed,  roughly,  25,000  tons  of 
crude,  and  175,000  tons  of  calcined  magnesite:  equal  to  a  total 
of  about  375,000  tons  of  crude.  In  Canada  and  the  United  States 
the  production  has  been  small.  In  the  case  of  the  United  States 
this  has  been  due  to  the  fact  that  all  the  known  deposits  of  work- 
able size  are  situated  in  the  extreme  west,  while  the  consuming 
centres  are  in  the  northeastern  part  of  the  country.  In  1913, 
their  total  output  of  crude  magnesite  was  only  9,632  tons,  whereas 
the  output  in  Canada  for  the  same  year  was  515  tons  and  in  the 
previous  year,  1912,  it  was  1,714  tons.  The  Canadian  magnesite 
was  used  largely  in  the  sulphite  pulp  industry  of  this  country. 
The  consumers  of  magnesite  for  refractory  purposes  used  the 
European  product  almost  exclusively.  There  existed  a  strong 
prejudice  against  the  Canadian  product,  on  account  of  its  high 
lime  content.  The  California  deposits  are  distant  from  Pittsburg 
about  2,500  miles  by  rail,  or  6,000  miles  by  combined  rail  and 
water  haul,  via  the  Panama  Canal.    The  rail  haul  from  Calumet 
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or  Grenville  to  Pittsburg  is  less  than  700  miles.  As  the  Grenville 
magnesite  deposits  are  nearest  to  the  principal  market,  and  crude 
and  calcined  magnesite  enters  the  United  States  duty  free,  the 
Canadian  product  has  a  great  advantage  over  the  American,  as 
far  as  marketing  it  is  concerned.  The  suitability  of  the  Grenville 
magnesite  for  various  purposes  is  a  question  of  much  importance. 
The  following  analyses  of  magnesite,  made  from  samples 
taken  by  myself  from  three  of  the  producing  quarries,  will  in- 
dicate the  general  composition  of  the  Grenville  product: 

Insoluble  mineral  matter.     2.20       3.08  2.00  2.00         .74 

Iron  oxide 13         .29  .57  .50         .24 

Alumina 03          .35  1.47  .80         .36 

Lime 8.80     10.06  5.80  6.95     10.05 

Magnesia 39.12     37.76  41.34  40.76     38.52 

Carbon  dioxide 49 .  72*  49 .  39t  49 .  66t  49 .  88t  49 .  86t 

The  rather  high  lime,  and  the  low  iron  content  are  character- 
istics of  these  magnesites. 

The  low  content  of  iron  oxide  and  insoluble  matter  recom- 
mends these  magnesites  for  use  in  the  pulp  industry;  while  the 
lime  is  not  objectionable.  In  fire-brick  making,  a  magnesite 
considerably  lower  in  lime  is  usually  insisted  upon.  For  lining 
bottoms  of  open  hearth  steel  furnaces,  the  Grenville  magnesite  is, 
it  is  understood,  giving  satisfaction.  The  low  content  of  iron, 
which  in  some  magnesites  constitutes  the  bonding  medium,  is 
corrected  by  the  addition  of  a  small  amount  of  ground  slag  to  the 
calcined  magnesite  before  lining  the  furnace.  Lime,  according 
to  one  authority,  is  said  to  absorb  phosphorus  from  the  bath  of 
metal,  eventually  causing  the  hearth  to  disintegrate.  However,  as 
the  percentage  of  lime  is  not  very  great  this  trouble  may  not 
manifest  itself  in  the  case  of  Grenville  magnesite. 

In  the  manufacture  of  chemicals  any  impurities  whatever  are 
objectionable,  since  the  available  magnesia  per  ton  of  material  is 
reduced  by  their  presence.  Impurities  which  consume  the  reagents 
of  the  process  involved,  are  a  direct  cause  of  loss,  especially  if  they 
do  not  yield  by-products  of  value.     Thus  lime,  in  the  magnesite 

*By  difference. 
tCalculated. 
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used  in  making  Epsom  salts,  not  only  replaces  the  valuable  con- 
stituent magnesia,  butconsumes  sulphuric  acid  producing  worthless 
sulphate  of  lime.  The  profitable  use  of  any  impure  magnesite  for 
chemical  purposes  can  only  be  when  the  purer  mineral  costs  more 
than  the  impure  plus  the  increased  cost  of  producing  the  desired 
chemical.  In  the  manufacture  of  carbon  dioxide  by  the  calcination 
of  magnesite,  the  selection  of  the  raw  material  is  based  upon  the 
value  of  the  by-product,  caustic  magnesia.  Where  there  is  only 
a  market  for  pure  magnesia,  it  is  needless  to  say  it  will  only  pay 
to  employ  a  pure  magnesite.  For  flooring  purposes,  Canadian 
magnesite  has  been  used  for  a  number  of  years,  with,  I  am  told, 
satisfactory  results,  although  some  users  specify  a  lower  per- 
centage of  lime.  It  would  appear  that  the  objections  to  a  moder- 
ately high  lime  magnesite  are  largely  a  matter  of  prejudice. 

Future  of  the  Magnesite  Industry 

The  present  abnormal  condition  of  the  magnesite  market, 
not  only  gives  the  Canadian  magnesite  operators  good  prices  for 
their  product,  but  will,  doubtless,  have  a  stimulating  and  per- 
manent effect  on  the  industry.  During  the  period  of  shortage  of 
European  magnesite,  many  consumers  are  forced  to  use  the 
Canadian  mineral,  who  would  not  otherwise  have  given  it  a  trial. 
Some  of  these  will  find  it  suited  to  their  purpose  and  will  continue 
to  use  it — providing  Canadian  prices  are  equitably  adjusted  to 
meet  the  prices  of  European  magnesite,  when  it  is  again  available 
in  large  quantities. 

It  is  not  to  be  expected  that,  when  normal  conditions  of  trade 
and  commerce  have  been  restored,  the  magnesite  industry  in 
Canada  will  continue  on  its  present  scale;  but,  we  ought  to  be 
able  to  look  forward  to  a  much  higher  output  than  existed  pre- 
vious to  the  war. 


Discussion 


Mr.  Eugene  Poitevin. — In  the  beds  of  Atlin  magnesite  some 
borings  were  made  by  Dr.  Young  of  the  Geological  Survey  and 
he  obtained  at  a  small  depth  mineral  specimens  which  were  first 
taken  for  hydromagnesite.    A  blow  pipe  analysis  was  made  on 
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the  material  and  although  the  exact  nature  of  the  mineral  could 
not  be  determined  owing  to  the  lack  of  laboratory  facihties  it 
was  found  to  belong  to  either  the  lansfordite  or  nesquehonite 
groups.  It  is  a  carbonate  of  magnesia  highly  hydrated  and  soluble 
in  cold  diluted  hydrochloric  acid.  As  this  mineral  is  occurring 
in  close  association  with  hydromagnesite,  I  think,  it  would  be 
interesting  to  investigate  whether  the  quantity  of  the  material  is 
large  and  if  it  would  add  to  the  commercial  uses  of  Atlin  magne- 
site. 

Dr.  Alfred  Stansfield. — At  the  present  time  when  the 
Austrian  magnesites  on  which  we  have  depended  largely  for  the 
lining  of  our  furnaces  and  for  the  manufacture  of  magnesite 
bricks  are  unobtainable  we  have  to  consider  how  far  the  Canadian 
product  wall  serve  the  purpose.  The  fundamental  difficulty  in 
the  use  of  Canadian  magnesites  seems  to  be  that  when  they  are 
burned  they  do  not  shrink  to  a  dense  compact  mass  like  the 
Austrian  product,  but  form  a  powder  which  is  of  little  value  for 
furnace  lining  making.  In  the  past  it  has  been  stated  that 
fruitless  attempts  have  been  made  to  overcome  the  difficulty, 
but  now  it  has  been  overcome  and  in  some  way  iron  has  been 
incorporated  with  the  Canadian  magnesite,  producing  a  satis- 
factory product.  If  that  is  true  we  may  hope  that  a  large  in- 
dustry for  the  manufacture  of  magnesite  bricks  as  well  as  the 
production  of  magnesia  for  furnace  linings  may  be  established 
in  the  future.  With  regard  to  the  production  of  magnesia  flooring, 
I  have  heard  that  the  lime  in  the  Canadian  magnesites  is  liable, 
in  course  of  time,  to  cause  the  blowing  up  of  the  floor  and  this  has 
given  serious  trouble  in  the  past  and  prejudiced  the  use  of  these 
magnesites  for  the  purpose.  By  burning  the  magnesite  at  a 
moderate  temperature  so  that  the  magnesian  carbonate  is 
calcined  while  the  calcite  remains  unaffected  this  trouble  can 
be  avoided. 


PRODUCTION   OF  A  SINTER,   LOW  IN   PHOSPHORUS,    3 
FROM  THE  IRON  ORES  OF  CENTRAL  ONTARIO 

By  G.  C.  Mackenzie.*  m 

li' 

Annual  Meeting,  Ottawa,  1916.  ] 

/I 

To  the  present  the  utilization  of  the  Ontario  low  grade  mag-  ^ 

netic  iron  ores  has  made  small  advancement  beyond  the  ex-  '^ 

perimental  stage  .     The  reasons  for  the  condition  are  too  lengthy  \ 

for  discussion  at  the  present  time,  but  may  be  characterized  in  'i 

general  as  a  lack  of  appreciation  on  the  part  of  the  operations  of  i 
the  peculiarities  of  the  problem  to  be  undertaken  and  of  the  mar- 
ket requirements. 

A  beneficiated  iron  ore  will  always  be  a  more  costly  ma- 
terial for  the  manufacture  of  iron  than  a  natural  ore,  and  unless  ; 
the  treated  material  possesses  characteristics  that  make  it  pecu-  j^ 
liarly  attractive  to  blast  furnace  operators  the  necessity  of  com-  I 
peting  with  the  natural  ores  in  the  open  market  will  render  the  | 
sale  of  the  artificial  product  uncertain  and  difficult.     However,  ' 
if  the  beneficiated  ore  contains  more  than  65%  of  iron  and  if  its 
sulphur  and  phosphorus  contents  are  both  very  low,  it  will  be  at 
once  placed  beyond  the  competition  of  the  natural  ores,  and  the  ] 
demand  for  this  class  of  artificial  material,  especially  at  the  pres- 
ent time,  promises  a  reasonable  profit  over  the  cost  of  production. 

The  method  of  concentrating  these  low  grade  magnetic  ores  j 

has  been  worked  out  quite  successfully  in  America  and  Europe,  j 

and  has  been  described  more  than  once  in  technical  journals  and  'l 

government  reports  both  in  the  United  States  and  Canada.     It  ] 

may,  however,  be  outlined  briefly  as  follows:    The  crude  ore  is  | 

given  a  preliminary  crushing  either  by  jaw  or  gyratory  crushers  | 
and  is  then  ground  to  a  pulpy  conditions  in  wet  ball  mill.      From 

the  ball  mills  the  pulp  is  passed  to  wet  magnetic  separators  of  - 

the  Grondal  type  which  produce  a  high  grade  iron  concentrate.  | 

It  may  be  found  that  the  first  concentrate  is  too  low  in  iron  aii4  | 

too  high  in  phosphorus,  in  which  case  this  concentrate  may  be  \ 
re-ground  in  a  secondary  series  of  ball  mills  and  then  re-concen- 
trated in  a  secondary  series  of  separators.     However,  it  is  often 

*By  permission  of  the  Director  of  Mines. 
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possible  to  increase  the  iron  content  and  to  depress  the  percent- 
age of  phosphorus  by  reconcentration  without  further  grinding. 
The  final  product  approaches  70%  of  iron,  and  in  some  instances 
the  sulphur  and  phosphorus  are  depressed  to  negligible  quantities. 

Some  years  ago  the  agglomeration  of  these  finely  divided 
concentrates  was  accomplished  almost  entirely  by  nodulizing 
kilns  or  briquetting  furnaces,  either  of  which  meant  a  costly 
plant  and  rather  high  operating  costs.  At  the  present  time  it  has 
been  demonstrated  that  the  iron  concentrates  can  be  agglomerated 
by  the  sintering  process  at  a  much  lower  cost  for  plant  and  opera- 
tion. 

The  sintering  method  maybe  described  as  the  fusion  of  ore  par- 
ticles into  a  porous  mass  by  burning  with  the  ore  a  certain  pro- 
portion of  with  which  it  has  been  intimately  mixed.  The  opera- 
tion is  carried  out  either  in  a  stationary  pan  of  the  Greenawalt 
type,  or,  as  in  the  Dwight  and  Lloyd  process,  in  a  series  of  mov- 
ing pallets  forming  an  endless  belt.  The  air  necessary  for  the 
combustion  of  the  fuel  is  drawn  through  the  mixture  from  the 
top  of  the  charge  to  the  bottom  of  the  pan  by  means  of  an  exhaust 
fan.  The  fuel  used  may  consist  of  coke  breeze,  coke  furnace 
flue  dust,  charcoal  breeze  or  charcoal  furnace  flue  dust.  Fuel 
containing  as  little  as  15%  of  carbon  may  be  utilized,  the  one 
essential  requirement  being  that  the  ore  and  fuel  shall  be  thor- 
oughly and  intimately  mixed  previous  to  the  sintering  operation. 

The  Metallurgical  Laboratories  of  the  Mines  Branch,  in 
Ottawa,  have  recently  experimented  with  the  ores  from  the  Bes- 
semer mine,  in  Central  Ontario,  and  have  succeeded  in  produc- 
ing a  high  grade  furnace  material  by  magnetic  separation  of  the 
ore  and  sintering  of  the  concentrates.  The  fuel  used  in  these  ex- 
periments consisted  of  the  following  materials: 


Fixed 
Carbon  % 

Volatile 

% 

Ash% 

Si02   % 

Fe% 

Charcoal  Breeze 

55.81 

31.07 

13.11 

Charcoal  Flue  Dust. . . 

24.1 

18.76 

35.61 
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The  analyses  of  Bessemer  crude  ore  and  the  magnetic  con- 
centrates made  therefrom  are  given  below. 


Fe% 

s% 

P% 

Insol.  % 

43.9 

0.3 

0.028 

30.88 

Magnetic  Concentrate 

67.51 

0.11 

0.014 

5.98 

The  mixture  of  concentrates,  fuel  and  water,  together  with 
the  analyses  of  the  sinter  produced,  is  illustrated  in  the  following 
table: 


Mixture 

Analyses  of  Sinter 

Test 

No. 

Concen- 

Charcoal 

Flue  Dust 

Water 

Fe 

S. 

P. 

trates  % 

% 

% 

% 

or 
/o 

% 

% 

88.5 

4 

7.5 

66.36 

.028 

.016 

86 

4 

10. 

66.12 

.031 

.015 

86.5 

6 

7.5 

65.51 

.044 

.019 

86 

6 

10 

66.21 

.023 

.016 

82 

8 

10 

66.71 

.026 

.026 

72.5 

20 

7.5 

63.71 

.018 

.015 

67.5 

25 

7.5 

63.85 

.018 

.013 

62.5 

30 

7.5 

63.71 

.017 

.018 

The  method  of  sintering  consisted  in  first  giving  the  mate- 
rials an  intimate  mixing  and  then  adding  the  necessary  water, 
after  which  the  moistured  mixture  was  sintered  in  a  Dwight  and 
Lloyd  pan  of  the  stationary  type.  The  sinter  produced  was 
tough  and  porous,  an  ideal  material  for  use  in  iron  blast  furnaces. 
Subsequent  experiments  have  demonstrated  that  a  magnetic 
concentrate  containing  not  more  than  .004%  of  phosphorus  may  be 
produced  from  the  Bessemer  Ontario  ores  without  much  trouble, 
and  the  sinter  made  from  such  concentrate  would  no  doubt 
be  of  a  special  value  in  the  manufacture  of  low  phosphorus 
pig-iron. 


AN  INVESTIGATION  ON  ROCK  CRUSHING  MADE 
AT  McGILL  UNIVERSITY 

By  John  W.  Bell,  M.Sc.i 

An    account    of   an    experimental    investigation    of    the 

THEORIES  OF  ROCK  CRUSHING  MADE  BY  J.  W.  BeLL,  M.  Sc, 

and  by  W.  G.  Mitchell,  M.  Sc.^,  P.  P.  Baily,  M.  Sc.'» 

AND    W.    E.     COCKFIELD,    M.    Sc.,*    IN    THE    OrE    DRESSING 

Laboratory  op  McGill  University,  Montreal,  Canada. 

When  rock  is  crushed  in  a  machine,  the  effect  of  the  power 
usefully  expended  is  manifested: — 

(a)  By  the  reduction  in  diameter  of  the  pieces  crushed. 
By  an  increase  in  the  number  of  pieces. 

By  the  production  of  new  surface. 

By  the  reduction  in  the  volume  of  the  original  pieces. 

(b)  By  the  production  of  heat. 

The  non-productive  power  delivered  to  a  crushing  machine, 
is  absorbed  in  overcoming  friction  of  one  kind  or  another,  and  is 
manifested : — 

(c)  By  its  conversion  into  heat. 

Apparently  the  total  power  drawn  by  the  machine  is,  for  all 
practical  purposes,  converted  into  heat. 

If  we  represent  the  power  usefully  expended  in  crushing  by 
the  symbol  Cr.  and  the  non-productive  power  expended  in  over- 
coming friction  by  the  letter  F,  the  efficiency  (E)  of  the  crusher 
may  be  expressed  as  follows: — 

Percentage  of  Cr.  x  100 

E  =   total  power     =      

usefully  expended  Cr.  -1-  F. 

To  the  writer,  the  practical  value  of  the  elucidation  of  the 
law  of  crushing  is  apparent  by  the  fact  that,  once  proved,  and 

'Assistant  Professor,  Dept.  of  Mining,  McGill  University. 
-Dawson  Fellow,  1913,  Dept.  of  Mining,  McGill  University. 
"Douglas  Fellow,  1914,  Dept.  of  Mining,  McGill  University. 
^Douglas  Fellow,  1915,  Dept.  of  Mining,  McGill  University. 
^Dawson  Fellow,  1914,  Dept.  of  Mining,  McGill  University. 
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the  necessary  constants  accurately  determined,  it  will  be  pos- 
sible for  the  milling  engineer  to  stop  guessing  at  the  efficiency  of  a 
crushing  machine,  and  proceed  to  measure  it.  Nobody  will 
doubt  that  much  of  the  improvement  in  the  design  of  mechani- 
cal and  electrical  machinery  has  resulted  by  the  ability  of  me- 
chanical and  electrical  engineers  to  measure  the  efficiencies  of 
steam  and  gas  engines,  motors  and  generators.  What  the  rock 
crushing  investigator  aims  to  do  is  to  supply  milling  engineers 
with  a  similar  correct  and  scientific  method  for  estimating  the 
efficiency  of  a  crushing  machine  or  combinations  of  the  same, 
and  it  is  merely  reasonable  to  suppose  that  this  will  eventually 
lead  to  improvement  in  their  design  and  arrangement,  and  to  a 
substantial  reduction  in  the  power  at  present  required. 

It  is  probable  that  less  than  10%  of  the  power  drawn  by 
coarse  crushing  machines  (gyratory  and  jaw  breakers)  is  use- 
fully utilized.  There  is  certainly  no  lack  of  room  for  improve- 
ment. 

Hypotheses  of  Crushing. 

The  writer  has  no  intention  of  repeating  in  this  paper  the 
arguments  that  have  been  presented  in  support  of  one  or  other  of 
the  two  proposed  theories  of  crushing,  or  of  recapitulating  the 
mathematics  connected  with  the  calculation  of  efficiency  based 
on  one  or  the  other  theory.  Many  excellent  articles  in  this  con- 
nection, notably  by  Stadler,  DelMar,  Gates  and  Taggart,  have 
been  published.  It  may,  however,  be  helpful  to  those  who  have 
taken  little  interest  in  the  theoretical  discussion  to  reduce  these 
theories  to  their  simplest  terms,  and  point  out  the  data  that  are 
required  to  establish  or  refute  one  or  the  other. 

Now,  as  before  noted,  one  of  the  manifestations  of  the  power 
usefully  utilized  in  crushing  is  the  production  of  new  surface. 
In  1867  Rittinger  advanced  the  theory  that  the  power  required 
was  proportional  to  this  increase  in  surface.  In  simple  lan- 
guage this  may  be  expressed  as  follows: — 

If  Rittinger  is  correct,  a  definite  amount  of  power  (i.e. 
1  h.p.  acting  for  24  hours)  is  capable  of  producing  a  definite 
number  of  surface  units  (square  inches,  etc.,  of  new  surface) 
whether  expended  in  crushing  large  or  small  pieces  of  a  given 
rock  of  approximate  uniformity. 
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In  1909,  Mr.  H.  Stadler  attacked  Rittinger's  theory  and 
advanced  an  entirely  different  hypothesis,  based  on  Kick's  Law. 
This  theory  takes  account  of  the  reduction  in  volume  effected  by 
crushing.  The  method  for  calculating  the  number  of  'volume 
reduction  units'  was  outlined  in  the  paper,  in  which  he  maintains 
this  to  be  the  correct  theory,  applicable  in  determining  or  com- 
paring the  relative  mechanical  efficiencies  of  rock  crushing  ma- 
chines. A  'volume  reduction  unit'  may  be  defined  to  be  the  re- 
duction of  a  unit  volume  or  weight  (1  ton)  of  unit  (1  cubic  inch) 
cubes  to  cubes  of  half  a  cubic  inch.  Mr.  Stadler  claimed  that  a 
definite  amount  of  power  was  required  to  produce  this  change 
in  the  volume  of  the  original  pieces,  and  that  an  exactly  equal 
amount  of  power  would  be  required  to  reduce  a  ton  of  Yi  cubic 
inch  cubes  to  cubes  of  3^  of  a  cubic  inch,  or  a  ton  of  3^  cubic  inch 
cubes  to  cubes  of  Y%  of  a  cubic  inch,  etc.;  i.e.  the  volume  of  the 
pieces  are  halved  by  each  unit  reduction,  commencing  with  a 
unit  cube.  We  may  reduce  Stadler's  theory  to  simple  terms  as 
follows : — 

A  definite  amount  of  power  (1  h.  p.  acting  for  24  hours) 
is  capable  of  producing  a  definite  number  of  volume  reduction 
units  whether  utilized  in  crushing  large  or  small  pieces  of  a  given 
rock. 

That  one  or  the  other  theory  is  hopelessly  in  error  is  appar- 
ent by  the  fact  that  Rittinger's  theory  calls  for  the  expenditure 
of  roughly  27  times  as  much  power  to  reduce  1"  rock  to  slime 
(200  mesh)  than  is  required  by  Stadler's  theory. 

At  first  sight,  it  would  appear  to  be  an  easy  matter  to  settle 
the  controversy.  Apparently  it  would  be  necessary  merely  to 
crush  a  number  of  dififerent  lots  of  rock,  approximately  uniform 
in  hardness  and  composition,  and  of  various  diameters.  By 
measuring  the  power  usefully  expended  in  crushing  each  lot, 
and  by  measuring  the  number  of  surface  and  volume  reduction 
units  produced,  the  number  of  surface  units  produced  per  h.p. 
per  24  hours  can  be  approximately  calculated ;  likewise  the  num- 
ber of  volume  reduction  units  produced  per  horsepower.  The 
Rittinger  theory  would  be  established  by  finding  that  1  h.p, 
per  24  hours  was  capable  of  producing  a  constant  number  of 
surface  units  throughout  a  wide  range  of  diameter  of  piece 
crushed.     It  would  be  disproved  if  the  number  continuously 
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increased  or  diminished.  Stadler's  theory  would  be  similarly 
supported  by  the  ability  of  1  h.  p.  per  24  hours  to  produce  a 
fixed  (constant)  number  of  volume  reduction  units,  and  dis- 
proved if  the  number  of  'volume  reduction  units,'  was  found  to 
be  a  variable  throughout  a  wide  range  in  the  diameter  of  the 
pieces  crushed. 

It  should  be  noted  that  the  unit  the  writer  designates  'a 
volume  reduction  unit'  is  precisely  the  same  unit  which  Mr. 
Sadler  calls  an  '  energy  unit'.  The  use  of  this  term  without  any 
qualification  is  scarcely  justified.  It  implies  the  infallibility  of 
Mr.  Stadler's  theory;  and  his  theory  was  advanced  without  any 
experimental  proof  of  its  applicability  to  rock  crushing  problems, 
and  none,  so  far  as  the  writer  knows,  has  since  been  advanced. 
The  term  has,  however,  been  rather  widely  used  and  to  prevent 
confusion,  a  volume  reduction  unit  will  hereafter  be  referred  to 
as  a  Stadler  Energy  Unit — (Stadler  E.  U.).  Similarly  the  unit 
of  new  surface  will  hereafter  be  referred  to  as  a  Rittinger  Surface 
Unit— (Rittinger  S.U.). 

INVESTIGATIONS  AT  McGILL   UNIVERSITY. 

For  a  number  of  years  tests  have  been  made  from  time  to 
time  at  McGill  University  to  elucidate  the  law  of  crushing.^ 

The  first  experiments  were  made  by  Mr.  H.  P.  de  Pencier 
and  Mr.  J.  W.  McPhee  to  test  Rittinger 's  theory,  following  a 
general  scheme  planned  by  Dr.  J.  B.  Porter'  as  follows: — 

(1)  Selection  by  hand  sorting  or  screening  of  test  lots  of 
pieces  of  a  given  rock,  approximately  uniform  in  size 
and  composition. 

(2)  Estimation  of  the  average  equivalent  diameter  of  the 
pieces  in  each  lot  by  counting  a  weighed  sample. 

(3)  Measurement  of  the  power  drawn  by  the  crusher  run- 
ning light. 

^In  connection  with  the  theoretical  or  economical  considerations  of  the 
work  of  crushing  machinery,  tests  were  made  by: — Dr.  Porter  and  W.  G. 
Flint,  1901,  ("Crushing  and  Sizing  in  the  Ore  Dressing  Laboratories  of  McGill 
University,"  Jour.  CALL  vol.  IV,  pp.  205-223);  H.  P.  de  Pencier,  1903;  J. 
M.  McPhee.  1904;  H.  L.  Forbes,  1905;  Messrs.  Br unton,  Cox,  Gillies  and 
Stewart,  1910;  G.  A.  Gillies,  1911;  H.S.  Bull,  1911:  ("Tube  Mill  Economics," 
Trans.  L  M.  M.,  vol.  XXI,  pp.  3-90);  G.  E.  Murray,  1912;  and  C.  H.  B. 
Cooper,  1913. 

''At  that  time,  Prof,  of  Mining  and  Metallurgy. 
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(4)  Measurement  of  the  power  drawn  by  the  crusher  when 
crushing  sized  and  measured  pieces  of  rock. 

(5)  Remeasurement  of  Hght  load. 

(6)  Estimation  of  the  average  diameter  of  the  discharge 
from  the  crusher  by  screening  and  by  counting  weighed 
samples  of  the  screened  products. 

The  power  utilized  in  crushing  was  estimated  to  be  the  dif- 
ference between  the  total  power  measured  during  crushing  and 
the  average  light  load. 

This  general  scheme  was  followed  in  these  and  in  later  tests. 

Mr.  de  Pencier  and  Mr.  McPhee  came  to  the  conclusion  that 
the  data  was  insufficient  to  warrant  a  definite  statement  re- 
garding Rittinger's  Theory. 

As  the  result  of  Mr.  Stadler's  enunciation  of  a  second  theory, 
a  comprehensive  series  of  tests  was  made  in  1911-12  by  Mr.  John 
D.  Galloway,  (following  a  schedule  of  tests  outlined  by  Dr. 
Porter  and  the  writer)  to  determine  if  possible  the  relative  merits 
of  the  two  conflicting  theories. 

Basing  his  observations  on  the  results  he  obtained,  Mr. 
Galloway  came  to  the  conclusion: — 

(1)  That  Rittinger's  law  was  incorrect; 

(2)  That  his  data  was  insufficient  to  warrant  a  definite 
statement  respecting  Stadler's  theory  based  on  Kick's 
Law. 

As  a  more  or  less  logical  result,  Stadler's  theory  was  adopted 
tentatively  at  McGill,  not  because  there  was  any  real  evidence 
that  it  was  correct,  but  because  Mr.  Galloway  had  concluded 
that  Rittinger's  theory  was  in  error.  This  conclusion  was  the 
the  result  of  an  examination  not  only  of  his  own  data,  but  of  all 
data  obtained  from  tests  antedating  his  own. 

In  the  fall  of  1913,  the  writer,  in  an  endeavour  to  find  a 
substantial  reason  for  the  elusiveness  of  the  law  of  crushing,  had 
occasion  to  examine  one  of  Mr.  Galloway's  results  to  see  if  his 
conclusion  about  the  error  in  Rittinger's  theory  would  be  cor- 
roborated if  the  figures  were  applied  to  the  solution  of  a  prac- 
tical problem. 
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It  so  happened  that  in  the  course  of  Mr.  Galloway's  in- 
vestigation, he  established  a  higher  efhciency  figure  for  the  la- 
boratory Comet  A  Crusher  than  had  been  recorded  in  any  of 
the  earlier  tests.  This  test  indicated  that  1  h.p.  per  24  hours 
was  capable  of  producing  212  Stadler  energy  units,  and  by  cal- 
culation the  writer  found  that  in  the  same  test,  1  h.p.  per  24 
hours  produced  176  Rittinger  surface  units.  At  the  time,  it 
seemed  probable  that  these  figures  would  at  least  approximate  a 
practical  measure  of  the  'amount  of  crushing'  by  1  h.p.  acting 
for  24  hours,  measured  by  one  or  the  other  of  the  two  opposed 
theories,  and  the  question  that  then  presented  itself  was  this: — 

If  1  h.p.  acting  for  24  hours  and  crushing  pieces  of  large 
diameter,  is  capable  of  producing  212  Stadler  energy  units  and 
176  Rittinger  surface  units,  what  powers  are  indicated  to  be 
required  by  the  respective  theories,  to  accomplish  the  reduction 
of  pieces  of  small  diameter  as  in  a  standard  tube  mill,  and 
how  do  these  powers  compare  with  the  actual  measured  power? 
Any  tube  mill  test  would  have  afforded  the  data  required  to 
make  this  somewhat  rough  estimate  of  the  merits  of  the  two 
theories  provided  the  rock  crushed  was  reasonably  hard  and 
brittle.  The  one  nearest  at  hand  happened  to  be  a  tube  mill 
test  cited  by  Mr.  Stadler  in  his  paper  "Grading  Analyses  and 
their  Application,"^  and  it  was  merely  a  matter  of  simple 
calculation  to  obtain  the  data  presented  in  Table  1. 

TABLE  I. 


Rand  Tube  Mill  crushing   Rand    Banket 
ore.     Produced  per  24  ho'irs 

Laboratory  Comet  "A"  crushing  trap  rock- 
1  H.P.  produced 

Power  indicated  required 

Power  actually  required 

Efficiency 

^  Trans.  I.  M.  M.,  1909-10. 


Stadler 
Energy  Units 


1742 


212 


By  Stadler's 
Theory 
1742 

=  8  H.P. 

212 


100  H.P. 


«^r 


Rittinger 
Surface  Unites 


65,700 


176 


By  Rittinger's 
Theory 
65,700 
=  373  H.P. 


176 


100  H.P. 


373% 
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Table  1  shows  why  Mr.  Galloway's  conclusion  that  there 
was  an  error  in  Rittinger's  theory  seemed  well  founded.  A 
theory  which  indicated  the  possibility  of  a  tube  mill  requiring 
373  h.p.  to  do  work  which  it  was  actually  accomplishing  with 
100  h.p.,  did  not  appear  to  merit  very  serious  consideration.  It 
was  altogether  improbable  that  the  discrepancy  could  be 
explained  by  the  difference  between  the  two  rocks  crushed,  nor 
did  it  seem  likely  that  after  deducting  the  light  load,  five  or  six 
times  as  much  power  had  been  measured  in  the  Comet  A  test, 
than  was  actually  required.  Moreover,  a  tube  mill,  for  obvious 
reasons,  is  an  inefficient  machine,  and  consequently  the  result 
obtained  by  Mr.  Stadler's  theory  was  not  at  all  improbable. 

Fortunately,  however,  the  writer  now  began  to  take  note 
that  all  previous  investigators,  himself  included,  had  uniformly 
measured  the  power  drawn  by  the  coarse  crushing  machines 
tested,  when  working  at  or  near  their  maximum  capacity,  and 
having  once  commenced  seriously  to  consider  this,  it  was  not 
difficult  to  predict  the  possibility  of  errors  in  the  power  measure- 
ments being  introduced  by  this  procedure  alone.  This  surmise 
was   arrived   at  as   follows: — 

Let  Fi  represent  the  power  required  to  overcome  the  fric- 
tion of  the  machine  running  light.  As  before  noted,  in  all  tests, 
Fi  was  subtracted  from  the  total  power  measured  during  crush- 
ing and  the  difference  was  estimated  to  be  the  power  expended  in 
crushing.  No  error  would  result  from  this,  provided  Fj  remained 
constant,  but  unfortunately  it  does  not  remain  constant  in  any 
ordinary  type  of  crusher.  The  instant  crushing  commences,  a 
more  or  less  intense  journal  friction  is  generated  and  maintained 
throughout  the  crushing  period,  and  the  power  required  to  over- 
come this  friction  is  included  in  the  total  measured  load. 

Let  F2  represent  the  power  required  to  overcome  this  extra 
friction  generated  during  the  crushing  period,  and  as  before  let 
Cr.  represent  the  power  effectively  used  in  breaking  the  rock. 

The  Total  Measured  Load ....      =   Cr.    +    F2   -h    Fi 
Deduct  the  Light  Load =  Fi 


The  Difference   =   Assumed  Cr.   =   Cr.    +    F2. 


\ 
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Evidently,  the  power  we  had  been  measuring  by  sub- 
tracting the  light  load  from  the  total  crushing  load — which  was 
somewhat  inaccurately  described  as  the  'power  used  in  crush- 
ing' consists  of  two  separate  and  distinct  powers.  One  of  these 
is  the  true  Cr.  power,  which  is  effectively  used  in  breaking  the 
rock.  The. other — the  Fa  power —  merely  overcomes  extra  ma- 
chine friction.  It  should  be  subtracted  from  the  total  load,  and 
it  would  be,  if  means  could  be  devised  for  measuring  it.^ 

The  importance  of  reducing  F3  to  a  minimum  was  now 
brought  sharply  to  the  writer's  attention.  It  was  certain,  that 
if  in  our  earlier  tests,  F2  constituted  a  large  part  of  the  measured 
load  (Cr.  +  Fj),  serious  errors  would  inevitably  result.  More- 
over, it  seemed  to  be  a  practical  certainty,  that  ¥2  would  reach 
its  maximum  value,  when  gyratory,  jaw,  or  roll  crushers,  were 
operated  at  or  near  their  maximum  capacity  for  the  following 
reason : — 

When  a  lump  of  rock  is  dropped  into  a  coarse  crushing 
machine,  the  force,  or  a  part  of  it,  required  to  produce  fracture,  is 
transmitted  to  the  journals.  The  effect  of  this  force  is  to  remove 
the  lubricant  from  the  area  in  which  it  is  most  needed,  and  if 
the  lumps  are  fed  to  the  machine  rapidly  (maximum  capacity 
of  crusher)  the  condition  becomes  chronic  and  the  friction  greatly 
increases.  Extra  power  is  of  course  required  to  overcome  this 
friction. 2 

This  elementary  analysis  of  the  action  of  a  crusher  was 
very  helpful  in  two  ways.  First,  by  suggesting  a  possible  ex- 
planation for  the  lack  of  a  definite  trend  in  the  earlier  tests,  and 
second  by  clearly  indicating  the  difficulty  which  would  have  to 
be  surmounted  to  achieve  any  future  success.  Evidently  the 
elucidation  of  the  law  of  crushing  depended  mainly  on  the  out- 
come of  a  battle  with  friction,  and  especially  F2  friction.     It  was 


'Note. — It  will  be  admitted  by  most  works'  managers,  that  a  hose  is  a 
valuable  adjunct  to  the  equipment  of  a  rock  house.  The  writer  has  en  more  than 
one  occasion  observed  the  necessity  of  subduing  the  fever  in  the  journals  of 
coarse  breakers  by  playing  a  stream  of  water  on  them.  The  fever  is  largely 
produced  by  this  F2  friction,  and  the  attacks  would  be  more  frequent,  were  it 
not  for  the  protecting  influence  of  the  huge  mass  of  metal  in  the  breaker.  The 
heat  is  rapidly  absorbed  by  this  and  radiated  into  the  surrounding  air.  The 
intermittent  operation  of  breakers  also  helps  to  minimize  their  occasional  fever- 
ish outbreaks. 

^The  amount  of  power  wasted  in  this  way  can  he  large,  as  shown  in  Table  3. 
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clear  that  it  could  not  be  entirely  eliminated.  The  only  alter- 
native was  to  eliminate  as  much  of  it  as  possible  with  the  appara- 
tus at  hand,  and  hope  for  a  successful  issue. 

The  first  step  was  to  find  out  if  Fa  friction  could  be  mater- 
ially reduced,  by  reducing  the  tonnage  fed  to  the  crusher  or  by 
reducing  the  amount  of  the  reduction.  To  determine  this,  the 
writer  with  the  assistance  of  Mr.  W.  G.  Mitchell  and  the  members 
of  the  1913  Class  in  Mining,  made  a  gyratory  crusher  test,  the 
distinctive  features  of  which  were: — 

(1)  Rock  crushed  tinguaite  (trap).     Same  rock  as  in  Gallo- 
way Tests. 

(2)  Average   diameter   piece   crushed,   1" . 

(3)  Pieces  fed  singly  to  avoid  choke  crushing. 

(4)  Amount  of  reduction  very  small. 

The  results  obtained  more  than  exceeded  expectations  and 
are  given  in  Table  2,  together  with  the  highest  established  fig- 
ures in  any  of  the  earlier  tests. 

TABLE  2 
Comet  "A"  Crusher  Test — Nov.  22,  1913. 


1  H.P.  per  24  hours  produced 

430  Rittinger  Surface  Units 

430  Stadler  Energy  Unit? 

Highest  Previous  Record — Same  Crusher 

1  H.P.  per  24  hours  produced 

176  Rittinger  Surface  Units 

217  Stadler  Energy  Units 

This  single  test  indicated  that  as  yet  we  had  no  proper  con- 
ception of  the  amount  of  coarse  crushing  that  could  be  effected 
by  1  h.p.  per  24  hours  and  consequently  no  longer  had  data, 
clearly  indicating  an  error  in  Rittinger's  theory.  These  facts 
were  sufficiently  encouraging  to  warrant  a  new  series  of  tests. 

Before  commencing  the  description  of  this  work  and  giving 
the  results  obtained,  it  may  be  of  value  to  point  out  how  all  of 
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the  previous  work  in  coarse  crushing  was  influenced  by  a  prac- 
tical consideration  which  affected  the  results  adversely;  and  to 
also  indicate  the  divergence  there  is  between  the  work  of  an  in- 
vestigator striving  to  estimate  the  practical  aspects  of  the  work 
done  by  rock  crushing  machines,  and  the  work  of  the  investiga- 
tor aiming  to  establish  the  law  of  crushing. 

We  recognized  that  what  maybe  termed  'the  overall  efificiency* 
of  a  crusher  was  likely  to  reach  its  maximum  value  at  or  near  maxi- 
mum capacity,  and  as  a  consequence  it  was  more  or  less  tacitly 
or  unconsciously  assumed  that  the  work  done  per  h.p.-24  hours 
would  similarly  reach  a  maximum  when  crushing  as  fast  or 
nearly  as  fast  as  possible. 

The  overall  efficiency  of  a  crusher  may  be  defined  to  be: — 

The  work  (amount  of  crushing)  done  per  gross  h.p.  or  the 

amount  of  crushing  done  per  h.p.-24  hours,  when  this  amount 

is  estimated  by  dividing  the  Total  Work  Done  by  the  machine, 

by  the  Total  Horse  Power  drawn  by  the  machine. 

Note:— The  Total  H.P.  =  Cr.  -f-  Fx  -f  F,.  The  Total 
Work  Done  is  of  course  measured  by  the  number  of  Rittinger 
Surface  Units,  or  by  the  number  of  Stadler  Energy  Units  pro- 
duced by  the  machine  in  24  hours. 

Now  although  the  overall  efficiency  is  a  maximum  at  or 
near  maximum  output,  the  work  done  per  measured  effective 
h.p. -24  hours,  is  ordinarily  a  minimum  on  account  of  Fa  friction 
which  for  reasons  already  given  reaches  its  maximum  value  at 
full  capacity,  and  its  minimum  value  at  the  least  capacity  per- 
mitting a  measurable  draught  of  power,  and  this  Fa  friction  is 
unavoidably  included  in  the  measured  power  which  seems  to  he 
effective  in  producing  rock  fractures,  but  only  a  part  of  which, 
is  effective.  For  this  reason,  the  h.p.,  measured  by  subtracting 
the  light  from  the  total  load  is  no  longer  referred  to  as  'the  h.p. 
used  in  crushing'.  It  is,  as  the  writer  has  shown,  'the  apparent 
effective  h.p.',  and  its  approach  to  the  true  effective  h.p.,  is 
governed  by  the  amount  of  F^  friction  which  can  be  eliminated. 

When  a  crusher  is  worked  at  maximum  capacity, the  measured 
a.e.h.p.  is  therefore  likely  to  be  much  further  from  the  true 
effective  h.p.  than  when  worked  at  minimum  capacity,  although 
the  overall  efficiency  of  the  crusher  may  be  higher  in  the  first 
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case  than  in  the  second.  This  may  perhaps  be  best  illustrated 
by  the  data  obtained  in  Tests  No.  6  and  16,  as  submitted  in  the 
following    table    ("No.    31. 


TABLE  Xo.  3 


Comet  Crusher  Test 

Xo.  16 

Xo.  6 

Diameter  of  piece  crushed 

3  6 

3.5 

Inches 

Tons  crushed  per  24  hours 

75 

17 

Capacity   approximately     

Maximum 

Minimum 

Total  work  (crushing  )done 

858 

218 

Ritt.  S.  U. 

Total  H  P.  (Ct+F2+¥i) 

3.56 
1.00 

1.23 
1  00 

Light  load  (Fi)  H.P 

Difference  =  Cr+Fa  =  apparent  effective 
HP                                

2.56 

0.23 

Overall  efficiencv  =  Total  work  done  -^ 
Total  HP.'                            

247 

177 

Ritt.  S.  U. 

Work  done  per  apparent  effective  H.P.  = 
Total  work  -^    A.E.H.P 

343 

947 

Ritt.  S.  U. 

Referring  to  Table  3,  let  it  be  assumed  for  the  moment  that 
an  h.p.-24  hours,  working  at  100%  efficiency  is  capable  of  only 
producing  947  R.s.  units  of  crushing  as  in  Test  6.  By  this  as- 
sumption the  a.e.h.p.  in  this  test  would  be  equal  to  the  real  or 
true  effective  h.p.  In  the  maximum  capacity  test  (No.  16),  the 
a.e.h.p.  required  to  produce  947  r.s.u.  would  be  0.93  h.p.,  and 
the  actual  measured  a.e.h.p.  was  2.56  h.p.  showing  that  64%  of 
the  measured  a.e.h.p.  was  expended  in  overcoming  extra  friction. 

Figures  will  be  submitted  later  indicating  that  l-h.p.-24 
hours  is  probably  capable  of  producing,  in  round  numbers,  2000 
Rittinger  surface  units  when  expended  in  crushing  the  trap  rock 
used  in  the  tests.  Assuming  this  to  be  the  maximum  produc- 
tion, the  measured  a.e.h.p.  in  Test  6  is  twace  what  it  should  have 
been.  In  the  maximum  capacity  test  it  is  nearly  six  times  as 
much  as  it  should  have  been,  although  the  overall  efficiency  of 
the  crusher  is  higher  in  Test  16  than  in  Test  6. 

The  'overall  efficiency'  of  a  crusher  is  of  first  importance  to 
the  works'  manager  since  he  has  to  charge  all  the  power  drawn 
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by  crushing  machines  against  their  production;  to  the  labor- 
atory investigator,  knowledge  gained  about  overall  efficiency  is 
a  by-product,  and  often  an  unimportant  one  at  that  because  of 
the  small  size  of  the  machines  he  ordinarily  uses  in  his  experi- 
ments. 

The  aim  of  the  laboratory  experiments  described  in  this 
paper  may  be  defined  as  follows: — 

(1)  To  measure  as  accurately  as  possible  the  maximum 
amount  of  crushing  'that  can  be  effected  by  1  h.p.  act- 
ing for  24  hours,  by  the  two  proposed  methods  for  meas- 
uring the  '  amount  of  crushing,'  namely:  (A)  Rittin- 
ger's    Method;     (B)  Stadler's    Method. 

(2)  To  show  if  possible,  that  by  one  of  these  methods,  the 
amount  of  crushing  produced  by  one  h.p. -24  hours,  is  a 
constant  amount  throughout  a  wide  range  in  the  dia- 
meter of  the  piece  crushed,  and  that  by  the  other  method, 
the  amount  of  crushing  is  a  variable  quantity  over  the 
same  range  of  diameter;  or  else  show  that  neither  of  the 
proposed  methods  for  measuring  'amount  of  crushing' 
indicates  a  fixed  relation  between  'power'  and  'crushing' 
and  consequently  a  new  method  for  computing  this 
amount  will  have  to  be  found  to  permit  the  establish- 
ment of  a  law  of  crushing. 

Having  thus  outlined  the  main  object  of  the  investigation, 
the  author  will  endeavour  to  indicate  such  points  of  practical 
or  theoretical  interest   as  developed   in    its  prosecution. 

Two  of  the  units  adopted  in  these  tests  conform  with  the 
ordinary  milling  practice  of  reporting  results.  They  may  be 
enumerated  as  follows: — 

Unit  of  capacity 1    ton    crushed    per    24    hours. 

Unit  quantity  of  power ....  1     h.p.    acting    for    24    hours. 

experimental  methods  for  measuring  power  used 

IN    crushing. 

Before  deciding  to  continue  to  use  commercial  types  of 
crushers  in  the  experiments,  the  writer  endeavoured  to  estimate 
the  value  of  alternative  methods. 
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Testing  Machines: — The  necessity  of  reducing  friction  to  a 
minimum  indicated  the  advantage  that  might  be  gained  by  the 
use  of  a  testing  machine.  Mr.  W.  G.  Mitchell  who  was  associ- 
ated with  the  writer  in  the  first  three  series  of  tests,  secured  from 
the  University  testing  laboratory  data  concerning  the  degree  of 
accuracy  that  might  reasonably  be  expected  in  measuring  the 
average  force  and  distance  required  to  crush  the  specimens,  and 
after  consideration  of  this,  the  conclusion  was  reached  that  the 
method  offered  little  hope  of  success.  There  appeared  to  be 
two  serious  objections: — 

(1)  Difficulties,  connected  with  the  measurement  of  power, 

(2)  The  difficulty  of  securing  representative  sampled  of 
uncrushed  and  crushed  material,  as  the  result  of  the 
small  quantity  crushed   in  a  single  test. 

The  very  interesting,  and  in  our  opinion,  successful  results 
obtained  by  Professor  Gates  with  a  testing  machine  will  be  re- 
ferred to  later. 

Calorimetric  Methods: — The  writer  speculated  very  briefly 
on  the  feasability  of  enclosing  a  crusher  in  an  insulated  chamber, 
in  order  to  measure  the  power  wasted  in  extra  machine  (Fj) 
friction  by  measuring  the  quantity  of  extra  heat  produced.  The 
method  was  not  attractive  for  several  reasons,  but  more  espec- 
ially because  the  writer  sensed  the  probability  of  the  method 
merely  resolving  itself  into  a  rough  measurement  of  the  mechani- 
cal equivalent  of  heat.  It  was  a  practical  certainly  that  much  of 
the  power  usefully  expended  would  also  be  converted  into  heat; 
it  seemed  probable  that  all  of  it  might  be  so  converted,  and  even 
a  part  of  this  heat,  inextricably  commingled  inside  the  chamber 
as  it  would  be  with  the  heat  produced  by  machine  friction,  would 
vitiate  the  experiment. 

This  whole  question  has  since  been  discussed  very  illuminat- 
ingly,  as  the  result  of  same  experiments  made  by  Mr.  James 
Cook,^  who  made  some  measurements  of  the  quantity  of 
heat  produced  by  crushing  rock  in  a  stamp  battery,  and  came 
to  the  conclusion  "that  80%  of  the  energy  stored  in  the  lifted 
stamp  is  returned  as  heat  in  the  escaping  pulp." 


iTrans.  I.  M.  &  M.   1914-15. 
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In  the  interesting  discussion  developed  by  Mr.  Cook's 
paper,  the  possibility  of  some  of  the  energy  unaccounted  for  by 
Mr.  Cook,  being  in  the  form  of  either  surface  or  electrical  energy 
in  an  amount  "not  altogether  negligible"  was  indicated  by  Dr. 
Willows,  although  he  adds  that  the  amount  of  heat  lost  by  con- 
duction and  radiation  was  probably  underestimated.  The 
general  concensus  of  opinion  was  that  practically  all  of  the  en- 
ergy was  converted  into  heat.  If  we  assume  this  to  be  the  case 
it  may  be  of  passing  interest  to  note  the  value  of  the  quantity  of 
heat  thus  generated  to  a  company  operating  a  large  all-sliming 
mill  in  a  cold  climate.  For  instance,  in  a  mill  drawing  1500  h.p., 
the  •crushing  machinery  outputs  heat  practically  equivalent  to 
the  heat  that  would  be  generated  by  a  60%  efficiency  steam 
heating  plant  burning  5  tons  of  coal  per  24  hours. 

Rock  Crushing  Machines. — The  realization  of  the  import- 
ance of  reducing  Fa  friction  to  its  least  proportion  led  the 
writer  to  consider  the  methods,  the  machines  to  be  used,  and 
improvements  in  equipment  indicated,  important  in  achieving 
the  purpose  of  the  investigation. 

Of  a  number  of  electrically  driven  crushing  machines,  in- 
stalled and  available  in  the  McGill  ore  dressing  laboratory,  the 
machines,  which  on  the  whole  seemed  especially  suited  to  the 
investigation,  were: — 

(1)  Comet  "A"  Crusher. 

(2)  7x9  Dodge  Crusher. 

(3)  10  X  16  Rolls. 

The  simplicity  of  operation,  and  direct  application  of  their 
energy  to  the  individual  pieces  crushed  were  considerations 
pre-eminently  favourable  to  the  continuation  of  the  use  of  the 
above  machines  and  it  was  desirable  to  see  what  they  could  ac- 
complish. 

The  difficulty  of  measuring  Fa  friction  left  practically  only 
one  course  open,  if  the  experiments  were  to  be  continued. 

This  was  to  determine  by  trial  the  operating  conditions 
that  produced  a  maximum  amount  of  crushing  per  measured 
'apparent  effective  h.p.',  for  each  machine  and  for  each  'feed 
diameter.' 
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The  test  conditions  indicated  important  were; — 

(1)  The  lubrication  of  motor,  shafting,  and  especially  the 
machine  under  test. 

(2)  Accuracy  in  the  measurement  of: — 

(a)  Electrical  input  to  the  motor. 

(b)  Resulting  horse  power  output. 

(3)  A  uniform  feed  to  the  crusher,  to  avoid  'choke'  condi- 
tions and  violent  fluctations  in  the  draught  of  power. 

(4)  A  small  feed. 

(5)  A  small  amount  of  crushing  or  'work  done  per  ton.' 

In  preparation  for  the  tests,  the  old  main  shafts,  counter 
shafts  and  journals  were  torn  down  and  replaced  by  new  shaft- 
ing, turning  in  ring  oiled  bearings.  Sight-feed  lubricators  were 
fitted  to  all  the  crushing  machines,  and  throughout  all  tests  a 
steady  flow  of  oil  was  delivered  to  their  journals.  To  prevent 
a  possible  waste  of  energy  expended  on  the  rolls  springs,  they 
were  removed  and  the  rolls  operated  as  rigid  rolls.  The  roll 
faces  were  ground  true,  bearings  re-babbited  and  aligned,  and 
the  other  machines  carefully  overhauled.  The  wattmeter 
measuring  the  input  to  the  motors  was  the  Thompson  integra- 
ting type  of  service  meter  (G.E.  Co.)  with  a  test  dial  permitting 
reading  to  1-lOth  and  estimating  to  1-lOOth  of  a  k.w.  hour. 
In  all  tests,  however,  the  revolutions  of  the  wattmeter  disc  were 


PLATE' I. 
Type  of  brake  used  in  earlier  investigations. 
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counted  and  checked  by  the  dial  readings.  The  h.p.  output  of 
the  driving  motor,  for  various  k.w.h.  inputs,  was  measured  by  a 
series  of  brake  tests  and  the  results  plotted  for  ready  reference. 
The  laboratory  brake  used  in  earlier  brake  tests,  was  the 
very  simple  contrivance  outlined  in  Plate  1.  This  brake  does 
not  lend  itself  to  the  accurate  measurement  of  brake  h.p.  on 
account  of  the  difficulty  of  rapidly  adjusting  it  to  meet  varia- 
tions in  the  speed  of  the  motor  or  variations  in  the  friction  gen- 
erated by  the  belt.  When  the  adjusting  nut  is  tightened  or 
loosened  to  alter  the  belt  friction,  the  weight  of  the  spanner 
or  wrench  throws  the  scale  out  of  equilibrium,  and  the  steadi- 
ness of  the  load  is  considerably  interfered  with,  in  consequence. 
This  brake  has  been  replaced  by  one  designed  by  the  writer  as 
the  outcome  of  a  very  simple  experiment.  Having  noted  that 
the  ropes  of  a  spring  balance  brake  in  use  in  another  laboratory 
were  oiled,  he  tried  the  effect  of  oiling  the  dry  canvas  belt  of  the 
laboratory  brake.  At  the  moment  the  oil  was  dropped  on  the 
running  brake  wheel,  the  belt  was  rather  tight  and  a  15  h.p. 
motor  was  delivering  some  10  or  12  b.h.p.  The  effect  of  the  oil 
was  surprising.  The  motor  was  stopped  almost  instantan- 
eously, showing  that  much  extra  friction  had  been  suddenly 
generated  by  merely  oiling  the  canvas.  The  improved  brake 
(Plates  2  &  3)  utilized  the  intense  friction  thus  generated. 
Its  adjustment   to  maintain   a   uniform  load   can    be    readily 

/    ^  <r  /^  /-  .f .     \ 


PLATE  2. 
Sketch  of  Improved  Brake. 
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and  quickly  accomplished,  since  by  merely  wrapping  or  unwrap- 
ping a  length  of  belt  on  or  from  the  periphery  of  the  brake 
wheel,  extra  friction  in  large  or  very  minute  amounts  can  be 
added  or  subtracted  and  the  balance  maintained  in  continu- 
ous equilibrium. 

It  may  be  of  interest  to  record  an  experiment  which  helps 
to  explain  the  extra  friction  produced  by  oiling  a  canvas  brake 
belt.  A  very  porous  woollen  belt  was  oiled  and  found  to  pro- 
duce very  little  friction.  It  therefore  seems  probable  that  the 
rapid  rotation  of  the  brake  wheel  brings  the  oiled  canvas  belt 


PLATE  3. 

Brake  H.P.  Testing  Apparatus  and  Switchboard  in  Ore  Dressing  Laboratory, 
McGil!  University. 


into  such  close  contact  with  the  surface  of  the  wheel  as  to  ex- 
clude the  air,  and  that  as  a  result  atmospheric  pressure  plays 
a  part   in   producing  the   friction. 

To  measure  the  exact  average  r.p.m.  of  the  motors  or 
crushing  machines  under  test  the  writer  designed  the  simple 
contrivance  also  shown   in   Plate   3.     The  worm  wheel   makes 
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one  revolution  for  every  hundred  revolutions  of  the  machine 
tested  and  this  is  recorded  by  a  Crosby  revolution  counter. 
The  single  revolutions  can  be  read  on  the  worm  wheel. 

Two  small  errors  in  the  power  measurements  recorded  in 
this  paper  are  indicated  by  recent  investigations  of  motor  effi- 
ciency as  follows: — 

(1)  Errors  caused  by  slight  eccentricities  in  the  laboratory 
wattmeters. 

(2)  Errors  due  to  disregarding  the  slight  changes  in  motor 
efficiency  caused  by  variations  in  motor  heating  and 
cooling. 

Taking  into  account  the  uniformity  of  the  methods  ob- 
served in  the  conduct  of  the  tests,  and  the  precautions  taken 
to  eliminate  errors  of  all  kinds,  there  is  no  reason  to  doubt  the 
uniformity  and  relative  accuracy  of  the  power  measurements 
recorded. 

In  regard  to  'tonnage  crushed'  and  'work  done  per  ton'  it 
seemed  desirable  to  study  the  effect  of  these  factors,  which  will 
explain  why  in  some  of  the  tests,  the  crushers  were  worked  at 
nearly  their  full  capacity.  The  writer  hoped  that  by  obtaining 
enough  data,  a  correction  could  be  applied  to  the  most  efficient 
tests  permitting  a  closer  approximation  of  the  maximum  amount 
of  crushing  that  can  be  effected  by  1  h.p.-24  hours,  but  later 
appreciated  that  the  estimation  of  such  a  correction  affords  a 
practically  insoluble  problem. 

The  feed  to  the  Comet  and  Dodge  crushers  was  regulated 
by  a  series  of  time  signals  at  equal  intervals,  which  enabled 
feeding  the  required  number  of  pieces  in  a  given  time  to  produce 
the  desired  tonnage  rate  per  24  hours. 

1914  Crushing  Tests. 

In  the  early  part  of  February  our  preparations  were  com- 
pleted, and  Mr.  Mitchell  and  the  writer  commenced  the  first 
series  of  tests,  using  the  laboratory  Comet  "A"  crusher  to  meas- 
ure the  work  done  per  a.e.h.p.-24  hours.  In  all  twenty-six 
tests  were  made  and  the  results  are  given  in  Table  4^. 

'Note. — The  term  'work,'  throughout  this  paper  is  synonymous  with  and 
will  be  understood  to  mean  an  'amount  of  crushing.' 
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TABLE  No.  4. 
1st  Series,  1914  Tests,  Comet  "A"  Crusher 


Work  Done 

Work  Done  per 

Test 

Diam- 

Crushei 

Tons 

Appar- 

per 

Ton 

A.E.H.P. 

No. 

eter 

Open- 

Crushed 

Effect- 

Rit- 

Rit- 

Feed 

ing 

24  Hrs. 

ive 
H.P. 

Stadler 

tinger 

Stadler 

tinger 

E.U. 

S.U. 

E.U. 

S.U. 

Inches 

Inches 

1 

4.2 

11 

18.3 

0.50 

9.1 

11.2 

333 

412 

2 

4.0 

U 

18.5 

0.31 

8.8 

9.8 

526          583 

3 

4.2 

1 1 

29.2 

0.72 

9.0 

11.6 

365          469 

4 

4.2 

11 

55.8 

1.64 

8.9 

10.4 

302          352 

5* 

4.2 

11 

'■  4 

52.3 

2.90 

9.0 

10.7 

162          192 

6 

3.5 

17.0 

0.23 

9.2 

12.8 

710          947 

7 

3.0 

18.3 

0.41 

8.5 

11.0 

373          485 

8 

3.6 

18.8 

0.31 

9.2 

11.6 

558          707 

9 

4.2 

18.6 

0.37 

9.6 

12.1 

498          612 

10 

3.5 

29.4 

0.46 

9.2 

12.3 

587          787 

11 

3.6 

30.0 

0.57 

9.2 

11.6 

489          610 

12 

3.0 

32.3 

0.72 

8.7 

11.0 

385         485 

13 

3.6 

43.8 

0.86 

9.4 

11.7 

477          595 

14 

3.5 

55.3 

1.40 

9.0 

12.0 

358          431 

15 

3.6 

59.3 

1.21 

9.4 

11.7 

458          573 

16 

3.6 

1 

75.0 

2.56 

9.4 

11.7 

276          343 

17 

4.0 

3 

17.7 

0.58 

10.9 

15,8 

332          480 

18 

3.8 

3 

17.8 

0.63 

10.2 

14.4 

287          407 

19 

3.2 

3 

19.4 

0.51 

9.7 

14.3 

378          547 

20 

2.8 

3 

4 

19.4 

0.52 

9.1 

13.9 

338          519 

21 

2.8 

3 

30.2 

0.79 

8.9 

13.9 

342         526 

22 

3.1 

3 
4 

31.2 

0.87 

9.7 

14.4 

347          514 

23 

2.7 

3 

52.0 

1.52 

8.8 

13.9 

300         473 

24 

2.9 

3 
4 

52.7 

1.50 

9.5 

14.3 

334         500 

25 

3.1 

3 

72.5 

2.16 

9.7 

14.3 

324          478 

26 

3.1 

3 

81.0 

3.62 

9.7 

14.3 

217          320 

In  the  second  series,  the  Dodge  crusher  was  used  to  make 
similar  measurements.  To  illustrate  the  care  necessary  in  an 
investigation  of  this  nature,  the  curious  result  obtained  on  the 
completion  of  the  first  test  is  worthy  of  mention. 

It  was  found  that  somewhat  less  h.p.  was  drawn  by  this 
machine  when  crushing  than  when   running  light.     The   test 


*Choke  crushing  test. 
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happened  to  be  a  low  tonnage  test  and  it  was  to  be  expected 
that  the  a.e.h.p.  measured  would  be  small  in  amount.  Several 
additional  tests  were  made  with  the  same  result,  and  it  was 
therefore  certain  that  something  was  wrong  in  the  wattmeter 
or  in  the  crusher.  The  writer  first  examined  the  crusher,  and 
having  noted  a  small  amount  of  lost  motion  in  the  mo\'ing  jaw 
when  the  crusher  was  rotated  slowly  by  hand,  found  that  the 
set  screws,  which  hold  the  moving  jaw  journal  bcx  against  the 
shims  regulating  the  crusher  opening,  were  slightly  loose.  This 
readily  explained  the  error  in  the  power  measured,  since  when 
the  crusher  was  running  light,  power  was  expended  in  pound- 
ing the  ends  of  the  set  scerws.  When  crushing,  the  crushing 
force  pushed  the  box  away  from  the  set  screws  and  this  power 
was  eliminated,  but  not  quite  replaced,  by  the  power  required 
to  crush  the  rock.  After  rectifying  this  adjustment,  seven  tests 
were  successfully  made,  and  the  results  obtained  have  been 
recorded  in  Table  5. 

TABLE  No.  5. 
2nd  Series,  1914  Tests,  Crusher  7x9  Dodge 


Appar- 
ent 
Effect- 

Work Done 

Work  Done  per 

Diam- 
eter 

Crusher 
Open- 

Tons 
Crushed 

per 

Ton 

A.E.H.P. 

Test 

1 

iNO. 

Feed 

ing 

24  Hrs. 

ive 

Rit- 

Rit- 

H.P. 

Stadler 
E.U. 

tinger 
S.U. 

Stadler    tinger 
E.U.    i    S.U. 

Inches 

Inches 

27 

1.2 

0.5 

8.3 

0.10 

6.2 

12  3 

520        1030 

28 

1.2 

0.5 

14.9 

0.48 

7.7 

18.3 

240         569 

29 

2.0 

0.5 

15.0 

0.52 

9.9 

19.3 

288         559 

30 

2.0 

0.5 

16.3 

0.61 

9.8 

19.3 

262         516 

31 

2.8 

0.5 

18.7 

0.92 

11.7 

21.8 

239         445 

32 

2.7 

1.0 

13.0 

0.18 

7.8 

10.1 

565          732 

33 

1.7 

1.0 

16.9 

0.21 

5.5 

8.1 

442         681 

Following  these,  the  third  series  of  tests  were  commenced, 
using  rolls  to  measure  the  work  done  by  an  a.e.h.p.  At  the 
outset  of  the  experiments  a  new  difficulty,  as  follows,  was  en- 
countered. The  automatic  feeder  to  this  crusher  was  of  the  type 
known  as  a  'roller  feeder'  and  its  performance  was  very  unsatis- 
factory. The  feed  jammed  in  the  hopper  outlet  and  when 
loosened,  a  quantity  of  rock  was  suddenly  delivered  to  the  rolls, 
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setting  up  a  'choke  condition'  and  causing  violent  fluctuations 
in  the  power  drawn  by  the  machine.  To  partially  surmount 
the  difficulty,  the  writer  hastily  improvised  a  rough  contrivance 
somewhat  similar  to  a  Tulloch  feeder.  It  consisted  of  a  pan 
upon  which  the  feed  was  spread,  a  lug  to  suddenly  arrest  the 
forward  motion  of  the  pan,  and  two  handles  to  assist  in  impart- 
ing the  required  motion.  The  pan  was  suspended  by  four 
pieces  of  rope  attached  to  the  ceiling.  By  this  somewhat  crude 
contrivance  it  was  possible  to  complete  sixteen  roll  tests  before 
the  close  of  the  session.  The  data  thus  obtained  will  be  found 
in  Table  6. 

In  these,  as  in  all  succeeding  series  of  tests,  except  one,  the 
rock  crushed  was  a  tinguaite — an  intruded  eruptive  obtained 
from  a  local  quarry.  It  is  a  hard  and  brittle  rock,  with  a  ten- 
dency to  break  rather  more  easily  in  one  plane  than  in  another 
at  right  angles  to  it.  It  therefore  is  inclined  to  break  in  slabs, 
although  the  fractured  pieces  are  always  irregular  in  shape. 

TABLE  No.  6. 
3rd  Series,  1914  Tests,  10  x  16  Rolls. 


Test 
No. 

Diam- 
eter 

Dis- 
tance 
be- 

Tons 
Crushed 

Appar- 
ent 
Effec- 

Work  Done 
per  Ton 

Work  D 
A.E. 

one  per 
H.P. 

Feed 

tween 

24  Hrs. 

ive 

Rit- 

Rit- 

Rolls 

H.P. 

Stadler 
E.U. 

tinger 
S.U. 

Stadler 
E.U. 

tinger 
S.U. 

Inches 

Inches 

34 

0.50 

0.24 

9.4 

0.19 

5.8 

22.8 

286 

1128 

35 

0.50 

0.24 

16.7 

0.60 

6.0 

24.6 

168 

686 

36 

0.50 

0.24 

18.4 

0.48 

5.9 

23.2 

227 

892 

37 

0.50 

0.24 

20.1 

0.48 

5.9 

24.4 

249 

1023 

38 

0.50 

0.24 

36.5 

1.33 

5,8 

23.1 

160 

635 

39 

0.50 

0.24 

39.1 

1.27 

5.9 

24.4 

183 

752 

40 

0.50 

0.24 

50.2 

1.61 

5.9 

23.8 

185 

742 

41 

0.29 

0.17 

7.6 

0.38 

6.9 

.50.0 

138 

1000 

42 

0.29 

0.17 

10.9 

0.60 

6.7 

47.9 

122 

871 

43 

0.29 

0.17 

15.6 

0.84 

6.7 

47.8 

125 

887 

44 

0.29 

0.17 

31.7 

1.54 

6.6 

46.1 

136 

953 

45 

0.18 

0.10 

9.6 

0.58 

4.9 

39.5 

81 

650 

46 

0.11 

0.10 

10.9 

0.25 

2.0 

17.9 

88 

777 

47 

0.18 

0.04 

6.1 

0.95 

10.6 

158.9 

68 

1022 

48 

0  11 

0.04 

7.7 

0.62 

7.1 

95.4 

89 

1187 

40 

0  07 

0.04 

8.4 

0  69 

4.3 

67.. S 

52 

823 
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Summary  of  1914  Tests. 

In  certain  respects  the  results  listed  in  Tables  4,  5  and  6 
are  unsatisfactory,  but  two  indications  were  so  clearly  fore- 
shadowed as  to  repay  the  investigators  in  full  for  the  work  re- 
quired to  complete  the  three  series.  At  least  this  measure 
of  success  had  been  achieved  in  the  realization  of  the  objec- 
tive, that  the  data  obtained  indicated  strikingly  the  probability 
of  fatal  error  in  one  of  the  theories  and  a  degree  of  reliability  in 
the  other. 

The  fatal  error  in  Stadler's  theory,  was  now  indicated  by 
the  enormous  variation  in  the  'amount  of  crushing'  effected  by 
a  measured  h.p.  through  a  wide  range  in  diameter,  when  cal- 
culated in  accordance  with  his  theory,  and  a  remarkable  con- 
stancy in  the  amount  of  crushing  when  calculated  in  accordance 
with  the  law  proposed  by  Rittinger  in  1867.  To  demonstrate 
this,  one  has  only  to  tabulate  the  most  efficient  performances 
of  a  measured  a.e.h.p.  in  all  three  series  of  tests,  and  if  this  is 
objected  to  on  the  ground  that  the  work  done  by  one  machine  is 
not  comparable  with  the  work  done  in  a  second,  the  rolls  tests 
alone,  can  be  offered  in  support  of  the  indications  above  out- 
lined. The  comparative  figures  will  be  found  in  Table  7.  They 
justify  fully  the  indicated,  but  not  necessarily  proved,  outcome 
of  the  whole  investigation.  The  desirability  of  an  extension  of 
the  investigation  to  corroborate  or  disprove  the  results  already 
obtained,    was    clearly    appreciated. 

The  performance  of  the  Comet  and  Dodge  crushers  was 
disappointing  because  the  results  indicated  that  Fa  friction  was 
an  even  greater  interfering  factor  in  these  machines  than  in  the 
rolls.  On  account  of  the  powerful  lever  action  in  jaw  and  gyra- 
tory crushers,  this  result  does  not  seem  reasonable.  Of  course 
the  feed  to  the  Comet  and  Dodge  was  much  larger  in  dia- 
meter than  the  feed  to  the  rolls,  and  the  force  required  to  pro- 
duce fracture  would  therefore  be  proportionately  greater.  Dur- 
ing the  course  of  later  experiments,  Mr.  Baily  suggested  that 
the  inertia  and  gyratory  stability  of  the  rolls  helped  to 
reduce  the  crushing  strains  transmitted  to  their  journals;  and 
no  doubt  this  is  a  factor  favourable  to  the  explanation  of  their 
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TABLE  No.  7. 
A  Selection  of  the  Most  Effcient  Tests  i\  Tables  4-5-6. 


Crusher 

Diameter 

of 

Piece  Crushed 

Work  Done  per  A.E.H.P. 
24  Hours 

Test  No. 

Measured  in 

Stadler 

E.U. 

Measured  in 

Rittinger 

S.U. 

6 

Gyratory 

3  .50  inches 

710 

947 

27 

Dodge 

1.20  inches 

520 

1030 

34 

Rolls 

0.50  inch 

286 

1128 

41 

Rolls 

0.29  inch 

138 

1000 

47 

Rolls 

0.18  inch 

68 

1022 

48 

Rolls 

0.11  inch 

89 

1187 

49 

Rolls 

0.07  inch 

52 

823 

Total  range 50  diameters 

Range  in  roll  tests 7  diameters 


splendid  performance  in  these  and  later  tests.  The  writer, 
however,  is  still  inclined  to  the  belief  that  a  properly  designed 
gyratory  or  jaw  crusher  of  the  size  used  in  the  experiments, 
should  produce  results  superior  to  those  obtained  in  the  rolls 
tests.  The  first  Dodge  test  showed  clearly  a  noticeable  amount 
of  power  wasted  by  lost  motion  alone  and  this  factor  may  have 
greatly  influenced  the  Comet  tests.  The  effect  of  lost  motion 
would  ordinarily  tend  to  increase  rather  than  (as  in  the  Dodge 
test)   to  diminish  the  measured  a.e.h.p. 

In  the  Comet  as  designed,  binding  can  only  be  prevented 
by  a  loose  fitting  spindle  in  the  eccentric  sleeve.  This  defect 
has  been  overcome  in  the  Kennedy  crusher  by  a  ball  and  socket 
joint  which  would  seem  to  be  a  substantial  improvement.  Pos- 
sibly a  further  improvement  would  be  effected  by  suspending 
the  spindle  from  another  ball  and  socket  joint  above  the  crusher- 
head  to  eliminate  lost  motion  above  and  below,  as  it  is  probable 
that  considerable  power  may  be  wasted  at  both  places. 
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The  low  average  result  obtained  with  Comet  and  Dodge 
crushers  may  be  partially  explained  also  by  the  power  wasted 
in  rubbing  the  pieces  before  a  sufficiently  firm  grip  is  obtained 
to  produce  fracture.  The  corrugations  in  the  Comet  crusher- 
head  were  much  worn,  and  in  the  Dodge  the  crushing  faces  or 
plates  are  smooth.  A  special  effort  was  made  to  reduce  this  loss 
by  careful  feeding.  In  this  connection,  it  may  be  of  interest  to 
note  the  marked  increase  in  Comet  crusher  efficiency,  when  the 
crusher  opening  is  set  at  1".  This  may  be  due  to  better  seizure 
of  the  pieces  crushed,  although  the  explanation  is  not  altogether 
satisfactory. 

On  the  whole,  there  is  a  distinct  decrease  in  the  work  done 
per  a.e.h.p.  with  increased  tonnage  although  there  are  noticeable 
irregularities,  and  the  rolls,  in  these  and  later  tests,  are  marked- 
ly less  influenced  by  this  factor  than  are  the  other  two  machines. 
The  effect  of  increased  tonnage  would  of  course  be  more  marked 
if  no  extra  precautions  had  been  taken  to  ensure  good  lubrica- 
tion. That  this  is  a  not  unimportant  factor  may  be  appreciated 
by  averaging  the  results  in  Tests  6-16  inclusive,  as  shown  in 
Table  8,  and  a  plot  of  the  same  in  Plate  4. 

Table  No.  8. 


Test  No. 

Approximate  Average 
Tonnage  Crushed 
per  24  Hours 

Approximate  Work  Done 

per  A.P:.H.P.  in 
Rittinger  Surface  Unites 

6  9 

18 

700 

10-12 

30 

630 

13-15 

52 

430 

16 

75 

340 

RE-EXAMINATION    OF    GALLOWAY    TESTS. 


Shortly  after  the  completion  of  the  1914  Tests,  the  writer 
was  led  to  make  a  detailed  examination  of  more  of  Mr.  Gallo- 
way's results  for  the  following  reason. 

By  examining  Table  6,  it  was  noted  that  even  in  the  highest 
tonnage  rolls  test  1-a.e.h.p.  produced  742  R.s.  units  of  crushing 
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Plate  4 

and  the  results  indicated  that  the  rolls  were  capable  of  producing 
a  very  large  amount  of  crushing  under  almost  any  circum- 
stances. It  was  therefore  probable  that  Mr.  Galloway's  rolls 
tests  would  show  a  proportionately  greater  production  of  R.s. 
units  than  was  indicated  by  his  highest  Comet  test,  and  it  was 
of  interest  to  determine  if  this  was  the  case.  Unfortunately, 
Mr.  Galloway  made  his  tests  before  it  had  occurred  to  Mr.  Del 
Mar^  that  Mr.  Stadler's  mathematical  expedients  for  com- 
puting the  amount  of  crushing  could  be  applied  equally  well  in 
estimating  this  amount  by  Rittinger's  theory;  and  as  none  of 
us  had  been  similarly  inspired,  Mr.  Galloway's  results  were  ex- 
pressed in  Stadler  energy  units  only.  The  writer  was  therefore 
obliged  to  calculate  the  Galloway  rolls  data  in  terms  of  R.s. units; 
and  in  order  to  make  the  comparison  over  the  total  range  of 
diameter  crushed,  he  also  calculated  the  four  remaining  Comet 
tests.     The  comparative  results  will  be  found  in  Table  9. 


lEng.  and  Min.  Jour.,  Dec.  14,  1912. 
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TABLE  No.  9. 
Galloway  Tests 


Comet  Tests 

Rolls  Tests 

Test  No 

1 

2 

5 

3 

4 

1 

2 

3 

4 

Diameter  piece  crushed 

i.9 

4.C 

3.6 

2.9 

2.7 

0.9 

0.6 

0.5 

0.4 

0  3 

Work  done  per  A.E.H.P.  Rittinger 
surface  units 

100 

176 

169 

200 

250 

612 

125C 

830 

882 

1078 

Work  done  per  A.E.H.P.  Stadler 
energy  units 

162 

212 

109 

209 

146 

196 

278 

136 

142 

135 

GALLOWAY   TESTS. 

By  Table  9,  it  will  be  noted,  that  in  spite  of  the  extra 
precautions  taken  in  the  1914  tests  to  ensure  good  lubrication, 
the  rolls  were  indicated  to  be  as  efficient  in  the  Galloway  series 
as  in  our  own;  although,  excepting  Rolls  Test  No.  2,  there  is 
found  to  be  apparently,  a  continuously  ascending  series  of  Rit- 
tinger values  over  the  range  of  diameter  tested,  and  far  less 
variation  in  the  work  done  per  a.e.h.p.  when  estimated  by  Mr. 
Stadler's  theory.  Neglecting  mechanical  considerations,  the 
natural  surmise  from  this  table  would  be  that  Stadler's  theory 
was  more  reliable  than  Rittinger's.  In  the  light  of  the  knowl- 
edge gained  in  the  1914  tests,  it  was  not  difficult  to  interpret 
the  Galloway  results  excepting  in  one  respect.  How  could  it 
be  explained  that  having  selected  the  most  efficient  Stadler 
Comet  test,  and  having  assumed  that  this  would  therefore  be 
the  most  efficient  Rittinger  test,  that  a  less  efficient  Stadler 
test  (No.  4  Table  9)  was  in  reality  the  most  efficient  Rittinger 
test  in  the  Comet  series?  Up  to  this  time  the  writer  had  sup- 
posed that  the  record  result  was  the  production  of  176  R.s.u.  per 
a.e.h.p  delivered  to  the  Comet  crusher;  and  it  now  transpired 
that  in  two  of  the  other  tests,  this  result  was  exceeded  very 
appreciably.  At  the  time  it  appeared  probable  that  there  was 
an  error  in  one  or  the  other  test  for  although  our  results  indicated 
the  number  of  Stadler  energy  units  produced  per  h.p.  to  be 
greatly  influenced  by  the  diameter  of  the  piece  crushed,  the  range 
in  the  1914  Comet  tests  was  practically  the  same  as  in  Mr. 
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Galloway's  and  for  this  small  range  very  little  change  in  Stadler 
values  is  noticeable.  The  real  explanation  of  this  was  found 
about  six  months  later,  when  it  was  made  clear  that  not  only  is  the 
Stadler  amount  of  crushing  per  a.e.h.p.  a  variable  depending  on 
the  diameter  of  piece  crushed;  but  it  is  also  affected  by 
the  amount  of  work  done  per  ton.  The  proof  of  this  will  be 
submitted  later.  It  probably  accounts  for  the  peculiar  re- 
sult in  Test  4,  Table  9;  and  a  still  better  example  will  be  noted 
by  comparing  Test  45,  with  Test  47,  in  Table  6.  In  these  tests, 
the  diameter  of  the  feed  was  the  same.  The  Stadler  work  done 
per  a.e.h.p.  falls  from  81  e.u.  to  68  e.u.,  although  Rittinger's 
increases  from  650  to  1022.  The  drop  in  the  Stadler  figure  is 
due  to  the  increase  in  the  work  done  per  ton. 

That  the  special  attention  paid  to  lubrication  influenced 
the  Comet  results  beneficially  will  not  be  doubted  when  it  is 
considered  that  the  average  work  done  per  a.e.h.p.  in  Table  9 
is  179  R.S.U.,  while  in  Table  4  it  rarely  falls  below  350  R.s.u. 
even    in    high    tonnage    tests. 

The  Comet  results  in  Table  9  are  better  than  the  results 
that  would  be  ordinarily  obtained  in  practice  with  a  machine 
of  similar  size  and  design;  consequently  if  a  h.p.  is  capable  of 
producing  2000  R.s.u.  in  coarse  as  in  fine  crushing,  this  machine 
usefully  utilizes  only  about  S%  of  the  a.e.h.p.  it  draws.  Machines 
of  larger  size  and  improved  design  may  have  a  much  higher 
efficiency  although  it  is  probable  that  in  any  of  the  present  types 
of  coarse  crushing  machines,  the  pressure  transmitted  to  the 
journals  per  square  inch  is  enormously  in  excess  of  the  pressure 
that  would  be  required  to  attain  maximum  efficiency  in  practice. 
It  therefore  seems  certain  that  a  material  saving  in  the  power  at 
present  required  by  jaw  and  gyratory  crushers  will  be  effected 
when  simple  and  practical  methods  can  be  found  for  reducing 
journal  friction. 

1914-1915  ROLLS  tests. 

During  the  summer  of  1914,  the  writer  made  in  the  rolls 
equipment  several  changes  which  seemed  likely  to  secure 
better  results.  One  of  first  importance  was  to  replace  the  hand- 
driven  feeder  with  a  power-driven  machine.     In  designing  this, 


178    Rock  Crushing  Tests  at  McGill  University — Bell 


PLATE  No.  5. 
10  X  16-inch  Roils  and  Shaking  Feeder. 

the  general  principle  of  the  Tulloch  feeder  was  followed,  but 
the  number  of  shakes  was  increased  to  400  per  minute,  in  order 
to  secure  the  delivery  of  an  almost  continouus  but  thin  stream 
of  rock  particles  to  the  rolls.  The  angle  of  inclination  of  the  shak- 
ing tray,  its  stroke  and  blow  could  be  varied  at  will.     The  steadi- 
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ness  of  opeiation  of  the  feeder  was  materially  increased  by 
placing  a  small  flywheel  on  the  camshaft  imparting  motion  to 
the  shaking  pan.^  A  photograph  of  the  rolls  installation  is 
shown  in  Plate  5. 

Other  changes  were  as  follows: — 

(1)  The  elimination  of  a  countershaft  by  the  installation 
of  clutches  on  the  mainshaft. 

(2)  Rolls  r.p.m.  was  increased  from  75  to  115. 

(3)  Rolls  were  enclosed  in  a  dust  proof  housing  connected 
to  a  fan.  During  tests,  the  suction  was  the  minimum 
required  to  prevent  escape  of  dust  into  the  laboratory.^ 

The  increase  in  the  r.p.m.  of  the  rolls  was  made  in  order 
to  add  if  possible  to  their  efficiency  in  crushing  the  finer  feeds; 
and  this  may  have  helped  materially  in  achieving  the  results 
that  were  later  obtained,  although  the  speed  was  somewhat  too 
fast  for  the  coarser  feeds  and  several  tests  were  lost  by  delivery 
to  the  rolls  of  a  few  pieces  of  rock  too  large  to  be  gripped  at  the 
stated  speed. 

In  the  fall  of  1914,  Mr.  Bailey,  Mr.  Cockfield  and  the  writer 
commenced  the  fourth  series,  it  having  been  agreed  that  it  was 
desirable  to  investigate  in  more  detail  the  effect  of  'tonnage'  and 
'work  done  per  ton'  before  adopting  a  set  procedure  for  the  final 
series  with  this  machine.  The  data  thus  obtained  are  given  in 
Table  10. 

With  the  exception  of  Test  55,  the  data  in  Table  10  are 
consistent  to  a  satisfactory  degree;  and  when  it  is  considered  that 
the  power  measured  in  Test  55  was  only  0.08  h.p.  and  that  an 
increase  of  0.03  h.p.  would  bring  this  test  into  line  with  the  others, 
no  disconcerting  significance  could  be  attached   to    this  result. 


'The  special  pieces  of  apparatus  used  in  these  and  later  tests  were  made  in 
the  laboratory  machine  shop  by  Mr.  E.  McBride,  and  the  writer  records  with 
pleasure  the  keen  interest  and  skill  exercised  by  Mr.  McBride  in  executing  this 
part  of  the  work  and  his  valuable  assistance  in  a  number  of  the  tests. 

^These  alterations  were  efficiently  executed  by  Mr.  C.  Landry  and  we  take 
this  opportunity  of  recording  our  appreciation  of  the  interest  and  attention 
shown  by  Mr.  Landry  and  the  assistant  mechanic  Mr.  Hugh  McBride  in  the 
execution  of  the  tests  and  in  the  large  amount  of  screening,  weighing,  etc., 
necessar>-  to  render  them  complete. 
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It  merely  indicates  the  desirability  of  having  a  sufficient  draught 
of  power  to  reduce  as  far  as  possible  the  effect  of  small  and 
unavoidable  errors  in  power  measurement. 

TABLE  No.  10 
4th  Series,  1914-1915  Tests,  10  x  16  Rolls 


Work  Done 

Work  Done 

Dis- 

Appar- 

per 

Ton 

per  A.E.H.P. 

Diam- 
eter 

tance 
be- 

Tons 

Crushed 

ent 
Effect- 

Test 

No. 

Feed 

tween 

24  Hrs. 

ive 

Stad- 

Rit- 

Stad- 

Rit- 

Rolls 

H.P. 

ler 
E.U. 

tinger 
S.U. 

ler 
E.U. 

tinger 
S.U. 

Inches 

Inches 

50 

12.2 

0.07 

3.6 

6.9 

623 

1198 

51 

1.0 

0.70 

39.1 

0.32 

3.3 

6.2 

403 

762 

52 

66.5 

0.56 

3.2 

6.2 

379 

732 

53 

0.70 

0.50 

10.2 

0.08 

3.7 

9.8 

472 

1192 

54 

23.3 

0.21 

3.7 

9.5 

407 

1056 

55 

0.70. 

0.45 

11.5 

0.08 

4.3 

11.1 

620 

1600 

56 

25.3 

0.33 

4.4 

11.5 

333 

884 

57 

0.70 

0.40 

10.9 

0.19 

5.3 

16.1 

304 

925 

58 

25.0 

0.51 

5.5 

16.3 

260 

802 

59 

0.70 

0.35 

10.9 

0.28 

6.1 

18.9 

238 

735 

60 

5.8 

0.11 

5.1 

20.6 

272 

1097 

61 

15.0 

0.46 

5.6 

26.7 

182 

872 

62 

0.46 

0.29 

13.6 

0.40 

5.4 

25.8 

184 

882 

63 

23.0 

0.61 

5.1 

21.1 

193 

797 

64 

36.2 

0.85 

4.8 

17.3 

200 

738 

65 

7.0 

0.17 

6.2 

23.8 

254 

984 

66 

15.2 

0.54 

6.1 

26.5 

171 

757 

67 

0.46 

0.25 

19.7 

0.72 

6.4 

27.0 

176 

740 

68 

24.9 

0.84 

6.1 

26.2 

181 

775 

69 

48.9 

1.63 

6.3 

25.1 

188 

753 

70 

7.2 

0.30 

7.9 

37.3 

170 

8% 

71 

0.46 

0.20 

14.7 

0.76 

8.2 

38.4 

158 

743 

72 

24.8 

1.21 

8.1 

34.8 

165 

713 

73 

43.4 

1.99 

7.6 

35.8 

165 

782 

74 

0.46 

0.15 

7.6 

0.48 

9.4 

57.7 

149 

911 
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It  was  manifestly  impossible  to  complete  in  a  limited  time 
the  large  number  of  tests  required  to  ascertain  the  effect  of 
tonnage,  etc.,  for  each  feed,  and  it  was  evident  that  a  compromise 
would  have  to  be  made,  to  complete  the  series  in  the  College 
session.  The  writer  therefore  concluded  that  it  was  advisable 
to  establish  a  'fixed  tonnage'  and  'amount  of  crushing';  and  it 
was  decided  to  fix  the  crushing  rate  at  30  tons  per  24  hours,  and 
the  'work  done  per  ton'  at  25  R.s.  units  in  all  future  rolls  tests. 
The  plan  to  be  followed  in  approximating  the  required  test 
conditions  was  outlined  by  the  writer  as  follows: — 

(1)  Regulation  of  feeder  to  deliver  the  required  tonnage. 

(2)  To  crush  small  trial  lots  at  various  roll  apertures  and  by 
screen  analysis  determine  the  spacing  required  to  produce  the 
desired  amount  of  crushing. 

Confidence  in  the  reliability  of  Rittinger's  theory  had  been 
gained  by  the  work  already  done ;  and  after  using  the  writer's  ac- 
curate but  tedious  method  for  setting  the  rolls,  Mr.  Bailey  and  Mr. 
Cockfield  proceeded  to  apply  their  faith  in  a  practical  way,  as  fol- 
lows: In  the  second  preliminary  test,  which  they  superintended, 
it  occurred  to  them  that  after  regulating  the  feeder  adjustment, 
the  roll  setting  could  be  made  with  sufficient  accuracy  by  crushing 
at  the  required  rate  and  then  carefully  reducing  the  distance 
between  the  rolls  until  the  laboratory  ammeter  indicated  the  cal- 
culated power  required  to  produce  about  25  Rittinger  surface  units. 
This  would  be  approximately  0.75  of  a  h.p. — an  amount  based 
on  the  previously  demonstrated  ability  of  the  rolls  to  produce 
roughly  1000  surface  units  per  measured  a.e.h.p.  The  ingenuity 
of  the  plan,  and  the  time  that  could  be  saved  thereby,  so  appealed 
to  the  writer  that  he  was  ready  to  proceed  with  a  series  of  five 
tests  without  screen  corroboration;  and  as  the  quantity  of 
crushing  later  measured  by  screens  was  sufficiently  close  to  the 
desired  amount,  the  method  was  adopted  in  all  succeeding  tests. 
The  results  obtained  in  the  final  series  of  rolls  tests  are  presented 
in  Table  11,  and  by  examination  of  the  amounts  of  Rittinger 
'work  done  per  ton'  it  will  be  noted  that  even  the  rough  ammeter 
measurement  in  most  cases  approximated  the  desired  amount 
of  crushing.  Greater  accuracy  could  have  been  attained  had  a 
larger  amount  of  feed  been  available  for  preliminary  tests. 
When  in  the  final  tests  the  amount  of  crushing  was  shown  by  the 
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TABLE  No.  11 
5th  Series,  1914-15  Tests,  10  x  16  Rolls 


Diam- 
eter 
Feed 

Dis- 
tance 

be- 
tween 

Rolls 

Tons 
Crushed 
24  Hrs. 

Appar- 
ent 
Effect- 
ive 
H.P. 

Work  Done 
per  Ton 

Work  Done 
per  A.E.H.P. 

Test 

No. 

Stad- 

ler 

E.U. 

Rit- 
tinger 
S.U. 

Stad- 

ler 

E.U. 

Rit- 

tinger 

S.U. 

75 
76 
77 
78 

Inches 
0.46 

Inches 
0.29 

29.7 
28.6 
30.0 

28.8 

0.78 
0.71 
0.77 
0  89 

5.2 
5.1 

5.2 
5.2 

21.4 
21.0 
21.2 
21.3 

198 
206 
202 
167 

816 

845 
829 
689 

Average  (Test  78  excluded) 

202 

830 

7y 

80 
81 

82 
83 
84 
85 
86 
87 
88 

0.30 

0.20 

24. » 
26.6 
27.3 
27.9 
28.7 
29.3 
30.8 
30.8 
31.4 
31  4 

0.52 
0.61 
0.60 
0.57 
0.68 
0.54 
0.57 
0.74 
0.72 
0.70 

4.1 
4.0 
4.0 
4.2 
4.2 
3.9 
4.0 
4.0 
4.0 
4.0 

23.6 
21.2 
20.4 
22.6 
23.5 
18.7 
19.0 
18.9 
22.1 
20.6 

174 
181 
206 
176 
214 
215 
165 
174 
177 

11^8 
925 
930 

1100 
992 

1020 

1041 
786 
964 
920 

Average  (Test  86  excluded) 

190 

1002 

89 
90 
91 
92 
93 

0.19 

0.12 
0.14 

2/. 3 
f  29.2 
J  31.8 
]   34.0 
i  34.4 

l.OU 
0.68 
0.78 
0.95 
0  93 

5.U 
3.7 
4.1 
4.0 
4.0 

39.4 
26.5 

28.3 
30.3 
30.2 

169 

158 
165 
144 
146 

10»0 
1138 
1151 
1086 
1120 

Avera 

ge 

150 

1115 

94 
95 
96 
97 

0.12 

0.10 

31.1 
34.4 
34.8 
34.9 

0.69 
0.74 
0.75 
0.72 

2.4 
2.3 
2.3 
2.3 

23.0 
21.8 
23.1 

22.5 

1«V 

106 
107 
112 

1U4U 
1017 
1070 
1090 

Avera 

ee 

109 

1054 

98 

99 

100 

101 

0.08 

0.U7 
0.08 
0.09 
0.09 

65. b 
35.5 
33,5 
33.4 

1.37 
1.35 
0.78 
0.80 

3  1 
3.0 
2.0 
2.0 

40.7 
37.8 
24.2 
24.4 

Si 

78 
85 
84 

1039 

993 

1040 

1020 

Aver£ 

lee 

82 

1028 

102 
103 
104 
105 

0.05 

0.05 

31.0 
30.8 
31.9 
32.9 

0.00 
0.59 
0.62 
0.59 

1.3 
1.4 
1.5 
1.6 

21.2 
19.8 
20.5 
24.5 

bV 
74 
76 
90 

H)f6 
1036 
1054 
1365 

Avera 

se 

77 

1137 

106 
107 
108 
109 

0.03 

0.04 

29./ 
29.9 
29.7 
29.9 

0./2 
0.72 
0.59 
0.66 

l.« 
1.7 
1.7 
1.7 

32.2 
26.7 
28.2 
25.1 

73 

71 

87 
76 

1340 
1109 
1420 
1136 

Average 

77 

1250 
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power  to  be  more  than  25  R.s.  units,  the  shims  were  altered  to 
reduce  it  to  about  0.75  h.p.  We  have  in  this,  a  striking  example 
of  the  close  relation  between  power  and  Rittinger  surface  units  of 
crushing,  since  the  amount  of  the  latter  could  be  foretold  almost 
as  well  by  the  measured  power  as  by  later  screen  measurements. 

Summary  1914 — 1915  Rolls  Tests.  (Tables  10  and  U) 

The  decrease  in  efificiency,  w^hich  results  by  increasing  the 
feed  tonnage,  or  by  increasing  the  crushing  work  per  ton,  for 
sizes  0.46  inch  in  diameter  and  upward,  is  clearly  indicated  in 
Table  10.  Up  to  a  feed  rate  of  10  tons  per  24  hours,  the  machine 
appears  to  hold  its  normal  'peak'  efficiency,  but  w'hen  this  is 
exceeded  the  decrease  in  efficiency  is  so  marked  as  to  indicate  a 
very  sudden  alteration  in  F,  friction.  In  the  fifth  series  a  final 
attempt  was  made  to  determine,  whether  by  taking  the  utmost 
care  in  feeding  and  lubricating  the  rolls,  1000  R.s.u.  per  a.e.h.p., 
could  be  produced  when  crushing  30  tons  per  24  hrs.  of  0.46" 
diameter  feed.  The  results  obtained  (Tests  75-78)  show  that 
this  cannot  be  done  with  the  apparatus  used. 

The  sudden  increase  in  efficiency,  when  the  feed  diameter  is 
reduced  to  0.30  inch,  is  explained  readily  enough  by  the  marked 
change  in  the  sound  and  vibrations  emanating  from  the  machine. 
When  crushing  0.46  inch  feed  at  the  30  ton  rate,  the  vibrations  in 
the  laboratory  concrete  floor  were  perceptible  twenty  feet  distant 
from  the  rolls.  W'hen  crushing  0.30  inch  feed,  the  floor  vibrations 
practically  disappeared,  and  there  was  a  marked  diminution  in 
the  smashing  shocks,  resembling  a  series  of  explosions,  which 
were  so  pronounced  during  crushing  of  the  larger  feeds.  In  the 
next  and  succeeding  smaller  sizes  the  characteristic  sound  effect 
may  be  described  as  being  in  the  nature  of  a  'steady  grinding 
noise',  indicating  that  a  more  uniform  pressure  replaces  the 
fluctuating  and  violent  forces  transmitted  to  the  journals  during 
the  crushing  of  the  larger  pieces.  That  there  should  be  a  decrease 
in  machine  efficiency  under  the  stated  circumstances,  and  an 
enormous  decrease  at  that,  is  in  the  writer's  opinion  opposed  to 
reason  and  common  sense;  and  yet  that  is  the  one  and  only 
conclusion  that  can  be  reached  by  acceptance  of  Mr.  Stadler's 
theory  based  on  Kick's  law,  as  will  be  apparent  by  examination 


184   Rock  Crushing  Tests  at  McGill  University — Bell 

of  the  data  in  Tables  10  and  11.  A  summary  of  the  significant 
results  in  these  tables  will  be  found  in  Table  12,  and  a  plot  of 
the  same  in  Plate  6.  An  interesting  feature  found  by  plotting 
the  results  in  Table  12  is  that  the  values  of  an  apparent  effective 
h.p.  in  terms  of  Stadler  energy  units  appear  as  two  almost 
parallel  straight  steps.  It  will  be  noted  that  the  line  joining 
the  points  for  Tests  50  and  53  is  approximately  parallel,  but 
situated  about  70  Stadler  energy  units  above  the  line  drawn 
through  the  remaining  values.  The  reason  for  this  has  already 
been  mentioned;  i.e.,  the  Stadler  unit  varies  not  only  depending 
on  the  diameter  of  the  feed,  but  on  the  work  done  per  ton  as  well. 
When  the  work  done  per  ton  is  small,  the  number  of  energy  units 
produced  per  h.p.  is  relatively  large,  but  this  number  steadily 
diminishes  as  the  work  done  per  ton  is  increased.  The  step 
noted  in  the  graph  is  therefore  explained  by  the  fact  that  in 
Tests  50-53  the  'work  done  per  ton'  is  at  a  lower  rate  than  in 


TABLE  No.  12 
Summary  of  Results  in  Tables  10-11 


Remarks 

Diameter 
Feed 
Inches 

Work  Done 

per  Ton 

Rittinger 

S.U. 

Work  Done  per 
A.E.H.P. 

Test  No. 

Stadler 
E.U. 

Rittinger 
S.U. 

50 

1.00 

6.9 

623 

1198 

53 

0.70 

9.8 

472 

1192 

60 

0.46 

20.6 

272 

1097 

79-88 

Average  9  Tests* 

0.30 

21.3 

190 

1002 

89-93 

Average  5  Tests 

0.19 

30.9 

150 

1115 

94-97 

Average  4  Tests 

0.12 

22.6 

109 

1054 

98-101 

Average  4  Tests 

0.08 

31.8 

82 

1028 

102-105 

Average  4  Tests 

0.05 

21.5 

77 

1137 

106-109 

Average  4  Tests 

0.03 

28.0 

77 

1250 

Range 33  diameters 

*Text  86  excluded. 


Average  R.S.U. 


1120 


« 
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the  remaining  tests  (See  Table  12)  and  the  Stadler  efficiency  in- 
creases correspondingly.^ 

It  follows  that  there  are  an  infinite  number  of  values 
of  this  apparently  misnamed  'energy  unit  of  crushing';  con- 
sequently it  is  not  a  unit  indicating  a  fixed  relation  between 
'power'  and  'crushing'  when  the  material  crushed  is  rock, 
hov/ever  applicable  it  may  or  may  not  be  in  estimating  the 
power  required  to  crush  an  ideal  and  more  or  less  imag'inary 
substance.     The  unavoidable  conclusion  to  be  drawn  from  the 


'The  author  recognizes  that  since  the  Stadler  work  per  a.e.h.p  dimin- 
ishes proportionately  to  the  diameter,  it  follows  that  a  large  increase  in  the 
'work  done  per  ton'  should  result  in  a  correspondingly  large  decrease  in  the 
S.e.  units  produced  per  h.p.  as  compared  with  the  amount  for  a  single  small 
reduction.  For  instance  if  a  large  amount  of  'work  done  per  ton'  was  effected 
by  a  number  of  small  reductions,  the  S.e.  units  per  h.p.  would  decrease  at 
each  reduction  as  the  feed  diameter  would  be  decreasing  continuously  as  the 
result  of  crushing.  The  average  S.e.  units  per  h.p.  for  the  total  number  of 
reductions  would  therefore  necessarily  be  a  much  smaller  number  than  the 
number  obtained  by  a  single  reduction.  This  deduction  is  substantiated  ex- 
perimentally, and  it  is  proper  to  add  that  the  writer  noted  the  experimental 
fact  before  appreciating  the  reason  for  it. 
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experiments  is  that  the  Stadler  energy  unit  is  of  no  value  in 
determining  the  relative  efficiencies  of  various  types  of  rock 
crushing  machines,  and  no  better  example  need  be  offered  than 
the  erroneous  conclusion  its  use  led  to;  namely,  that  a  stamp  mill 
is  mechanically  four  times  as  efficient  as  a  tube  mill  whereas  it 
now  seems  a  practical  certainty  that  the  ratios  are  about  1 : 
1,  or  at  most  1| :  1.  The  comparison  is  of  theoretical  rather  than 
practical  interest  because  the  function  of  one  machine  is  dissimilar 
to  that  of  the  other;  but  it  might  be  mentioned  that  if  the  com- 
parison had  been  made  between  a  tube  mill,  and  a  stamp  mill  so 
designed  as  to  do  a  very  small  amount  of  'work  per  ton',  and  if 
the  work  was  estimated  in  S.e.  units,  there  would  be  no  difficulty 
in  forming  the  absurd  conclusion  that  a  stamp  mill  was  forty 
times  as  efficient  as  a  tube  mill.  For  a  single  machine,  crushing 
feed  of  limited  range  in  diameter  with  only  a  small  variation  in 
the  'work  done  per  ton',  Mr.  Stadler's  theory,  based  as  it  is  on  one 
of  the  manifestations  of  crushing,  shows  the  character  of  the 
changes  in  efficiency  produced  by  changes  in  adjustment,  but 
the  Rittinger  system,  even  if  it  fails  to  conform  with  a  law,  is 
preferable  by  reason  of  its  greater  sensitiveness  to  small  varia- 
tions in  the  amounts  of  crushing. 

Having  now  pointed  out  the  defect  in  Mr.  Stadler's  argu- 
ment as  presented  in  his  paper,  "Grading  Analyses  and  their 
Application",  there  remains  the  more  pleasant  duty  of  recogniz- 
ing the  value  of  some  of  his  proposals.  His  paper  has  been  of 
the  greatest  utility  in  two  ways.  First,  by  reviving  interest  in  a 
theory  which  the  writer  believes  to  have  an  important  practical 
application;  and  secondly,  by  proposing  the  use  of  screen 
factors  for  estimating  the  'work  done  per  ton',  he  has  evolved 
a  method  which  permits  the  rapid  computation  of  efficiency 
so  admirably  as  to  leave  a  limited  field  for  improvement  in  this 
direction.^  The  simplicity  of  the  calculations  required  to 
estimate  the  crushing  work  done  by  a  machine,  rendered  possible 
by  these  methods,  is  shown  in  Plate  9,  which  is  one  of  three 
mimeographed  forms  prepared  by  the  writer  to  systematize  the 
record  of  all  data  obtained  in  a  single  test.  The  'power  sheet' 
(Plate  7)  contains  a  record  of  the  power  measurements  made. 

^Mr.  Del  Mar's  adaptation  of  this  to  the  calculation  of  Rittinger  efficiency 
has  already  been  acknowledged. 
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PLATE  No.  7 
Crusher  Rolls.     Test  No.  89.     Date:  March  7,  1915.     Page  00 


Time 

Rev. 
Counter? 

Wattmeter 

Time 
Interv. 

W. 

Rev? 
per 
Hr. 

Power 

H. 

M. 

S. 
16 
18 
18 
18 
15 
17 
15 
15 

Dial. 

Revs. 

H.P. 

Light 

3 

30 

66.22 

0 
94 
94 
137 
180 
223 
267 
284 

Load 

3 

3 
3 
3 
4 

4 
4 

45 
45 
50 
55 
00 
05 
07 

66.70 

15.03 

376 

1   28 

Crushing 

349028 

66.70 

5.00 

516 

2.20 

9.95 

519 

517 
521 
519 

2.22 

14.98 

2.21 

67.66 

19.95 
21.95 

2.23 

Load 

351541 

2.22 

Light 

4 
4 

07 
22 

15 
23 

67.66 

284 

361 

Load 

68.10 

375 

15.13 

1.18 

Cr.  Load 

2  22 

Light    "  

Average 

Annarpnt  pffertivp  H.P. 

1.22 
1   00 

Nett  weight  ore  crushed . 


Nett  weight  crushed  ore. 


831.2  lbs. 


829.9  lbs. 


Dust  lost 13  Ihs. 


Crushing  rate 27   3  tons — 24  hrs. 


Feeder  micrometer 

0.40 

Rolls  P. P.M..  .  . 

114,5 

Distance  between  faces  of  rolls.  .  .  . 

.  .       0.1 16 inch 

Remarks : 


Light  load  in  above  test  includes  the  power  absorbed  by  motor  and  shaft- 
ing. 
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PLATE  No.  8 
Crusher  Rolls,    Test  No.  89.    Date,  March  7,  1915.     Page  00 


Volume  Sample 


Feed 

Weight 

No. 
Pieces 

Average 

Size 

Weight 

Grms. 

Lbs. 

Volume 

Diam. 

+  10 

831.2 

4.62 

7592 

0.0066 

0.187 

Discharge 

Screen  Sample 

Screen 

Weight 
Lbs. 

No. 

Apert 

22 

2.343 

Inches  f 

Round  P 

unched  S 

creeps) 

21 

1.880 

20 

1.506 

19 

1  .  185 

18 

1.000 

15 

0.625 

13 

0.384 

10 

0.247 

157.9 

200 

0.441 

1339 

0.00354 

0.153 

8 

0.158 

182.4 

62.3 

0.137 

1055 

0.00139 

0.112 

6 

0.097 

216.8 

27.6 

0  061 

1327 

0.000402 

0.079 

- 

0.097 

273.1 

Total .  . 

830.2 

Mesh 

Grms. 

% 

% 



I.M.M. 

85.5 

32.9 

Screens 

+  8 

14.1 

16.5 

-  5.4 

12 

23.2 

27.2 

9.0 

20 

13.6 

15.9 

5.2 

30 

10.2 

11.9 

3  9 

50 

7.7 

9  0 

3.0 

80 

4  9 

5.7 

19 

Washed 
Sample 

-  0  097  Gradp 

120 

:^.3 

3.9 

1.3 

200 

2.2 

2.6 

0.9 

85.5    Grms. 

-  200 

0.5 

7.2 

2.4 

+  200 

79.8 

Total 

85.4 

99.9 

33.0 

-  200 

5.7 
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PLATE  No.  9 
Crusher  Rolls.     Test  No.  89.     Date,  March  7,  1915. 

Page  00 

Screen 

Energy 

N. 

%  Weight 

1/S 

Surface 

2.343 

Units 

Units 

1.880 

1.506 

1.185 

1.000 

0.625 

0.384 

0.247 

1.60 

8.4 

19.0 

6.5 

1.24 

0.158 

2.10 

9.5 

22.0 

8.9 

1.97 

0.097 

2.88 

11.0 

26.1 

12.7 

3.30 

Mesh 
8 

0.68 

12.6 

5.4 

18.3 

0.99 

12 

1.23 

13.7 

9.0 

23.5 

2.12 

20 

0.81 

15.6 

5.2 

36.6 

1.90 

30 

0.69 

17.6 

3.9 

58.2 

2.27 

50 

0.59 

19.6 

3.0 

91.7 

2.75 

80 

0.41 

21.8 

1.9 

151  - 

3.29 

120 

0.31 

23.6 

1.3 

230  - 

2.99 

200 

0.23 

25.5 

0.9 

360 

3.24 

-  200 

0.69 

28.9 

2.4 

780 

18.72 

Total 

12.22 

100.1 

44.78 

Distance  between  rolls  . 

.. .0.116  inch 

Average  diameter  of  feed 

10.1 

87  inch  |    K 

.P.M.  114.5 

Tons  crushed  -     24  hrs. 

1 

27  .3  1  Appar 

;nt  effective 

H.P.   1   1.00 

Energy  Units 


12.22 


7.26 


4.96 


135 


135 


Mech.  Value  Discharge 


Mech.  Value  Feed 


Work  done  per  ton 


Total  work  done 


Work  done  per  A.E.H.P. 


Surface  Units 

44 

78 

5 

35 

39 

43 

1080 

1080 
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In  all  tests  following  the  first  three  series,  a  continuous  record 
of  the  a.e.h.p.  throughout  the  crushing  period  has  been  kept  in 
order  to  detect  marked  variations  should  they  occur.  Such 
variations  are  a  sure  sign  of  trouble  in  the  machine  and  demand 
attention.  Very  few  of  these  difficulties  were  encountered,  and 
it  might  be  added  that  the  uniformity  in  the  power  draft,  in  the 
test  selected  to  illustrate  the  record  of  data  and  the  method 
used  to  calculate  efficiency,  is  not  exceptional.  The  'screen 
sheet'  (Plate  8)  records  the  scieen  analyses,  and  whatever  counts 
of  weighed  samples  were  made  to  determine  or  check  the  average 
diameter  and  volume  of  the  pieces  in  the  screened  products. 
The  'efficiency  sheet'  (Plate  9)  permits  the  collection  of  all  data 
essential  in  calculating  the  efficiency  by  the  two  opposed  theories 
of  crushing. 

The  data  in  Tables  10,  11  and  12  corroborate  in  a  very 
satisfactory  manner  the  theory  advanced  by  Rittinger  nearly 
50  years  ago,  although  as  may  be  noted,  there  is  a  marked 
indication  of  an  increase  in  the  work  done  per  a.e.h.p.  in  the 
last  five  tests  in  Table  11  as  compared  with  the  preceding  ones. 
In  further  explanation  of  the  foregoing,  it  should  be  mentioned 
that  in  the  preliminary  adjustments  for  the  last  four  tests 
(106-109)  a  difficulty  was  encountered  which  to  some  extent  the 
writer  anticipated  and  provided  for.  The  feed  crushed  in  these 
tests  is  but  little  coarser  than  a  grade  passing  an  18  and  remaining 
on  a  20  mesh  sieve,  and  it  was  evident  that  it  would  be  a  difficult 
matter  to  feed  a  thin  stream  of  such  small  rock  particles  at  the 
rate  of  30  tons  per  24  hours  with  a  shaking  feeder.  Had  time 
permitted  the  making  of  necessary  alterations,  the  shaking  pan 
could  have  been  removed  and  the  required  velocity  of  the  rock 
stream  attained  by  a  uniform  and  direct  discharge  to  the  rolls 
through  the  adjustable  gate  of  the  feeder  hopper,  which  was 
specially  designed  and  constructed  for  this  purpose.  To  change 
meant  a  loss  of  time  in  the  rearrangement  of  the  position  of  the 
hopper.  Consequently  it  was  necessary  to  continue  to  use  the 
shaking  pan  or  eliminate  this  size  from  the  tests,  and  as  the 
feed  was  already  prepared,  the  experiment  naturally  was  attempt- 
ed. At  the  start  trouble  was  indicated  by  fluctuations  in  the 
ammeter  needle  which  up  to  this  time  had  been  remarkably 
steady  and  it  was  evident  that  the  rock  stream  was  not  sufficiently 
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continuous.  By  an  alteration  of  the  feeder  stroke,  most  of  the 
trouble  apparently  disappeared,  and  the  tests  were  made  without 
encountering  further  difficulty  until  the  final  results  showed  that 
the  operating  conditions  could  not  have  been  uniform,  since 
two  out  of  four  tests  showed  a  higher  result  than  had  hitherto 
been  obtained  in  the  final  rolls  tests  excepting  Test  No.  105. 
This  test  had  not  occasioned  any  anxiety  as  it  happened  that  the 
dust  pipe  became  clogged  during  crushing  and  in  the  clearance 
of  it,  it  was  possible  though  not  probable,  that  an  extra  amount 
of  -200  dust  had  been  mixed  wath  the  crushed  product.  The 
screen  analysis  seemed  to  confirm  this. 

On  the  completion  of  the  next  four  tests,  howevei,  it  w^as 
evident  that  the  inciease  w^as  due  to  a  natural  cause  of  some  kind 
and  considered  in  the  light  of  previous  experience  that  most  of 
the  irregularities  connected  with  rock  crushing  tests  ar^  caused 
by  variations  in  F2  friction,  the  writer's  wonder  was  not  so  much 
the  increase  for  this  size,  but  that  there  was  so  little  indication 
of  a  gradual  increase  in  the  work  per  a.e.h.p.  in  passing  successive- 
ly from  coarse  to  finer  sizes.  The  baffling  feature  was  the 
suddenness  of  the  increase\  and  as  it  was  possible  that  it  marked 
the  beginning  of  an  inconsistency  in  Rittinger's  theory,  it  seemed 
important  to  investigate  the  relation  of  power  and  the  crushing 
of  rock  particles  of  veiy  small  diameter  at  the  first  opportunity. 

Power  in  Fine  Crushing 

Some  preliminary  work  in  preparation  for  this  investigation, 
had  already  been  accomplished.  It  was  not  undertaken  becaUvSe 
the  need  was  anticipated,  but  because  it  constituted  in  itself  an 
interesting  subject  for  investigation.  At  McGill  University, 
fourth  year  students  in  mining  aie  required  to  investigate  some 
problem  in  ore  dressing,  although  they  are  allowed  considerable 
latitude  in  selection  of  subject.  As  a  rule  the  choice  is  in  favour 
of  such  practical  operations  as  tabling,  cyaniding,  etc.;  but  upon 
learning  of  our  special  interest  in  rock  crushing  problems,  Messrs. 


^The  writer  now  believes  that  this  can  be  explained  by  a  peculiarity  of 
the  friction  in  journals,  which  apparently  does  not  vary  greatly  for  a  con- 
siderable range  in  pressure  although  there  are  pressures  (critical  pressures) 
above  which  and  possibly  below  which  there  is  a  rather  sudden  and  marked 
increase  or  decrease  in  journal  friction. 
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Cameron  and  Nelson  kindly  undertook  to  conduct  with  us  a  few 
preliminaiy  Huntington  mill  tests  to  determine  the  nature  of  the 
performance  of  this  machine.  The  investigators  are  therefore 
indebted  to  them  for  their  active  participation  and  assistance 
in  completing  four  of  these  tests,  the  results  of  which  were  of 
more  than  ordinary  interest.  The  tests  were  completed  in  the 
1914-15  session  contemporaneously  with  the  rolls  tests,  and  the 
results  will  be  found  in  the  following  table.     (Table  No.  13), 

TABLE  No.  13 
6th  Series,  Huntington  Mill 


Test 

Diam- 
eter 
Feed 

Screen 
Mesh 

Tons 
Crushed 
24  hrs. 

Appar- 
ent 

Effect- 
ive 
H.P. 

Work  Done 
per  ton 

Work  Done 
per  A.E.H.P. 

No. 

Stad- 

ler 
E.U. 

Rit- 
tinger 
S.U. 

Stad- 

ler 
E.U. 

Rit- 
tinger 
S.U. 

110 

Inches 
0.9 

5 

17.7 

2.91 

18.4 

185.5 

112 

1128 

111 

0,9 

20 

10.0 

2.40 

21.5 

280.7 

89 

1165 

112 

0.9 

40 

5.5 

1.76 

22.9 

352.6 

71 

1095 

113 

0.7 

20 

10.2 

2.48 

20.5 

273  2 

79 

1120 

The  tests  in  Table  13  have  been  rearranged  in  sequence 
according  to  diameter,  but  in  the  order  of  their  execution.  Test 
113  was  the  first  made.  It  was  this  test  which  first  attracted 
attention  to  the  surprising  drop  in  Stadler  e.u.  per  a.e.h.p.  when 
a  large  amount  of  'work  per  ton'  is  accomplished  at  a  single 
reduction,  as  will  be  noted  by  comparing  Test  53  with  Test  113. 
In  both,  the  diameter  of  piece  crushed  is  the  same,  but  an  in- 
crease in  the  work  per  ton  from  9.8  to  273  Rittinger  s.u.  causes 
a  drop  of  nearly  400  Stadler  e.u.  per  a.e.h.p.  The  Rittinger 
values  in  these  tests  are  approximately  equal,  showing  that  the 
Huntington  mill  is  capable  of  making  a  large  reduction  as  efficient- 
ly as  the  rolls  make  a  small  one.  The  effect  of  increased  'work 
per  ton'  is  also  noticeable  in  Tests  110,  HI  and  112.  As  the 
result  of  this  preliminary  work,  when  the  necessity  for  measuring 
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the  power  required  in  fine  crushing  presented  itself,  it  was  clear 
that  the  Huntington  mill  was  a  machine  admirably  suited  for  the 
purpose,  and  as  Mr.  Cockfield  was  obliged  to  take  up  other  pro- 
fessional duties,  Mr.  Bailey  and  the  writer  undertook  this 
extension  of  the  investigation. 

The  general  plan  we  had  in  view  was  to  measure  the  power 
required  to  crush  the  following  grades. 

Mesh   Mesh   Mesh    Mesh    Mesh     Mesh 
Grade +20     +30     +40     +60     +80     +100 


18-20-30-40-60       -  80 


Size +20     +30     +40     +60     +80     +100 


Appreciating  the  difficulty  of  securing  a  free  discharge 
through  Huntington  mill  screens,  the  writer  in  an  earlier  in- 
vestigation suggested  replacing  them  with  sheets  of  galvanized 
iron  which  permitted  adjusting  the  height  of  a  horizontal  slot 
through  which  the  pulp  was  freely  discharged.  This  plan  was 
followed  in  a  series  of  tests  to  compare  the  efficiency  of  the 
laboratory  tube  mill  with  that  of  the  Huntington  mill.  The 
pulp  fed  was  of  the  usual  consistency  of  tube  mill  pulp.  This 
was  done  to  ensure  a  sufficient  quantity  of  pulp  remaining  in 
the  mill  for  efficient  grinding;  and  also  that  the  work  of  the  two 
machines  under  the  same  pulp  conditions  might  be  compared. 
The  disadvantage  of  this  method  in  our  investigation,  howevei, 
was  the  waste  of  power  necessary  to  keep  a  mass  of  thick  pulp 
in  motion;  and  it  therefore  seemed  desirable  to  see  whether  a 
thin  pulp  could  be  discharged  through  screens.  To  ascertain 
this  a  series  of  trial  tests  were  made.  No  difficulty  was  ex- 
perienced in  obtaining  an  efficiency  of  about  1100  R.s.u.  per 
a.e.h.p.  for  the  coarser  grades;  but  this  value  continually  de- 
creased for  the  finer  sizes.  This  was  due  to  the  poor  discharge 
and  consequent  accumulation  of  pulp  in  the  mill,  as  the  result  of 
which  the  power  rapidly  increased  and  the  work  per  a.e.h.p.  fell 
off  correspondingly.  Evidently  the  slot  discharge  was  preferable; 
but  this  method  did  not  eliminate  the  power  lequired  to  keep  the 


194    Rock  Crushing  Tests  at  McGill  University — Bell 

pulp  in  motion,  and  it  was  necessary  to  eliminate  this  if  possible. 
In  attempting  to  find  a  solution  for  these  difficulties,  the  desira" 
bility  of  developing  a  machine  for  measuring  the  constant^ 
required  in  the  practical  application  of  the  law  of  crushing,  was 
not  overlooked.  The  Huntington  mill  seemed  to  be  distinctly 
promising  in  this  direction,  and  the  writer  finally  evolved  a 
method  which  by  practically  eliminating  the  power  wasted  in 
stirring  the  pulp  around  in  the  mill  probably  permits  the  pro- 
duction of  a  larger  number  of  R.s.u.  per  a.e.h.p.  than  has  been 
attained  heretofore  with  any  ordinary  type  of  crusher.  The 
arrangement  of  apparatus  required  to  accomplish  this  is  illus- 
trated by  a  photograph  (Plate  10)  and  a  sketch  (Plate  11). 

The  feeder  (marked  "A"  in  Plate  10)  was  one  developed  by 
the  writer  in  connection  with  a  special  problem  which  required 
for  its  solution  a  feeder  capable  of  delivering  dry  sand  at  a  very 
uniform  rate.  It  seemed  probable  that  this  could  be  accomplish- 
ed by  merely  discharging  the  sand  through  an  orifice  in  a  thin 
plate  placed  at  the  apex  of  a  conical  hopper.  When  this  was 
tested  experimentally  it  was  found  that  the  rate  of  flow  was 
constant,  and  for  all  practical  purposes  independent  of  the  head 
of  sand  above  the  orifice.  A  steady  and  uniform  sand  feed  to 
the  Huntington  mill  was  therefore  assured  by  this  device,  and 
the  tonnage  rate  could  be  varied  at  will  by  changing  the  diameter 
of  the  orifice.  The  sand  thus  discharged  falls  into  an  inclined 
launder  (marked  "B"  Plates  10  &  11)  directly  under  the  apex 
of  the  cone,  and  here  water  is  added  in  the  desired  amount.  The 
pulp  then  flows  down  the  launder  into  a  small  cone  (marked  "C" 
Plates  10  and  11).  Connected  with  cone  "C"  are  three  small 
pipes  which  deliver  and  by  their  rapid  rotation  distribute  the 
pulp  to  a  series  of  narrow  compartments  made  of  light  galvanized 
iron  which  are  supported  on  the  die  ring.     The  compartments 


^The  writer  later  measured  this  loss  by  the  following  method.  Feed  about 
5  inch  in  diameter  was  delivered  to  the  mill  until  it  reached  its  full  load  dis- 
charging through  a  slot  2|  inches  high  and  approximately  18  inches  long.  The 
ratio  of  water  to  rock  was  about  6:1.  The  mill  was  then  stopped,  the  aper- 
ture closed  and  the  centrifugal  rollers  encircled  with  a  steel  cable  adjusted  to 
keep  them  about  an  inch  from  the  die  ring.  Upon  starting  up  the  mill  the 
pulp  was  kept  in  motion  by  the  rotation  of  the  rollers  and  scrapers, 
but  the  steel  cable  effectually  prevented  crushing  between  the  rollers  and  the 
die  ring.  The  power  required  to  keep  the  rock  in  motion  was  found  to  be 
0.52  h.p.  after  making  a  correction  for  the  power  used  in  whirling  the  water 
alone  as  this  latter  power  is  measured  and  included  in  the  light  load. 


i 
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PLATE  Xf).  10 
Huntington  Mill  Testing  Equipmsnt. 
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=^=^ 


PLATE  No.  11 

Sketch  of  Huntington  mill  arrangement,  illustrating  the  method 

adopted  to  measure  power  used  in  fine  crushing. 

were  installed  to  prevents  splashing  and  to  reduce  the  velocity 
of  the  pulp,  and  they  in  turn  deliver  the  pulp  to  the  edge  of  the  die 
ring,  down  the  surface  of  which  it  flows  in  a  thin  and  steady 
stream  where  it  is  crushed  in  the  usual  manner  by  the  centrifugal 
rollers.  The  crushed  product  is  swept  around  by  the  combined 
action  of  the  scrapers  and  of  the  air  currents  to  the  outlet  cus- 
tomarily provided  for  drawing  off  mercury  or  for  cleaning  out 
the  mill,  and  is  delivered  to  an  automatic  sampler.  The  case 
with  which  up  to  45  tons  per  24  hours  of  sand  pulp  (2  of  water  to 
1  of  sand)  were  discharged  as  described  was  both  satisfactory  and 
surprising.  It  is  probable  that  this  figure  does  not  represent 
maximum  capacity. 

Sight  feed  lubricators  delivered  oil  to  both  horizontal  and 
vertical  drive  shafts.  To  oil  the  bevel  gears  the  device  shown 
in  Plate  11  was  installed  before  commencing  the  final  tests,  the 
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results  of  which  are  given  in  Tables  14  and  a  summary  thereof 
in  Table  15. 

TABLE  No.   14 
7th  Series,  1915-16  Tests,  33^,  Huntingdon  Mill 


Test 

Diam- 
eter 
Feed 

Inches 

Mill 
R.P.M. 

Tons 
Crushed 
24  hrs. 

Appar- 
ent 
Effect- 
ive 
H.P. 

Work  Done 
per  ton 

Work  Done 
per  A.E.H.P. 

No. 

Stad- 
ler 
E.U. 

Rit- 
tinger 
S.U. 

Stad- 
ler 
E.U. 

Rit- 
tinger 
S.U. 

114 
115 

0.031 

91 

13.0 
13.9 

1  .15 
1.18 

4.8 
4.7 

3.5 
3.1 
3.0 
2.8 

143 
132 

54  5 

55  4 

1620 
1560 

116 
117 
118 
119 

0.020 

91 

9.8 

14.2 
14.8 
15.6 

0.75 
0.91 
0.91 
0.93 

144 
118 
115 
107 

46.1 

48  1 

48.3 
47.7 

1910 
1840 

1880 
1800 

120 
121 
122 

0.014 

91 

16.4 
16.5 
17.1 

0.84 
0.80 
0.82 

2.2 
2.3 
2.1 

101 

101 

97 

43.8 
47.8 
44.8 

1970 
2090 
2020 

123 
124 

0.014 

117 
91 

16  9 
17.3 

1.32 
1.38 

2,8 
2.8 

144 
146 

35.8 
35.2 

1850 

1825 

125 
126 
127 

0.009 

16.9 
17.0 
17.1 

0.68 
0.74 
0.67 

1.4 
1.4 
1.4 

82 
80 
81 

35  6 
31  2 

35.8 

2030 
1820 
2060 

128 
129 
130 

0.007 

93 

16.7 
16.7 
17.3 

0.44 
0.47 
0.53 

0.16 

0    10 

0.8 
0.7 
0.8 

52 
52 
54 

29  2 
26  9 
25  6 

1980 
1840 
1750 

131 

132 

0.005 

93 

16.5 
16  7 

0.2 
0  7 

19 
19 

22.7 
17  6 

1920 
1680 

TABLE  No    15 
Summary  of  Average  Results  in  Table  14 


Test  No 

Remarks 

Grade 

Diameter 
Feed 
Inches 

Work  Done  per 
A.E.H  P. 

Stadler 
E.U. 

Rittinger 
S.U. 

114-115 

-1-   20 

0,031 

55  0 

1590 

116-119 

+  30 

0.020 

47  5 

1860 

120-122 

+  40 

0.014 

45.5 

2030 

125-127 

+  60 

0.009 

34  2 

1970 

128-129 

Test  130  excluded 

+  80 

0.007 

28.1 

1910 

131-132 

-f  100 

0  005 

20  2 

1800 

Range  of  diameter  tested 6 
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The  results  in  Tables  14-15  show  the  characteristic  drop  in 
Stadler  e.u.  per  a.e.h.p.,  although  the  range  of  diameter  tested 
is  not  large.  The  decrease  would  be  more  pronounced  had  it 
been  possible  to  keep  the  'work  per  ton'  uniform  and  equal  to 
the  amount  in  Test  1 14  throughout  the  range.  In  examining  the 
data,  it  should  be  borne  in  mind  that  the  investigation  was 
necessarily  in  the  nature  of  a  reconnaisance.  Many  more 
experiments  would  be  required  to  determine  the  effect  of  al- 
terations in  tonnage,  percentage  of  water  in  the  pulp,  r.p.m.,  etc. 
Test  116  was  made  to  obtain  an  indication  of  the  effect  of  a 
reduced  tonnage.  The  number  of  R.s.u.  appears  to  increase, 
but  several  check  tests  would  be  required  to  form  a  definite 
conclusion.  Tests  123-124  show  that  when  the  speed  of  the 
mill  is  increased,  the  work  per  ton  increases,  but  the  work  per 
a.e.h.p.  is  perceptibly  diminished.  To  increase  the  speed  "f  the 
mill,  resistance  was  inserted  in  the  motor  field  circuit;  and  the 
motor  efficiency  may  have  been  slightly  altered  by  so  doing. 
No  correction  could  be  made  for  this  without  making  a  new 
series  of  b.h.p.  tests  and  a  small  error  in  power  measurement 
thus  introduced  would  not  appreciably  change  the  result  obtain- 
ed. The  poor  performance  of  an  a.e.h.p.  when  crushing  the  +  20 
grade  is  apparent  but  it  is  probable  that  by  studying  the  oper- 
ating conditions  conducive  to  maximum  efficiency,  the  R.s.u. 
already  obtained   for  this  size  could   be  materially  increased. 

Considered  as  a  whole,  the  results  are  in  closer  agreement 
with  Rittinger's  theory  than  could  be  expected  when  two  obstacles 
which  conspire  to  defeat  the  purpose  of  the  investigation  are 
taken  into  account.  One,  is  the  difficulty  of  measuring  the  power 
used  in  crushing  only.  The  second  has  to  do  with  the  measure- 
ment of  the  suiface  in  the  -200  grade.  Nobody  has  yet  made  a 
reliable  measurement  of  this,  and  it  is  probable  that  it  is  a 
variable  factor.  Any  screen  analysis  yields  decreasing  amounts 
of  successive  grades  going  from  coarse  to  fine  sizes,  and  it 
therefore  seems  reasonable  to  suppose  that  the  -200  product 
obtained  by  crushing  a  1 "  particle  is  a  finer  product,  and  there- 
fore has  more  surface  than  a  similar  grade  obtained  by  crushing 
smaller  particles.  This  may  explain  to  some  extent  the 
smaller  production  of  R.s.u.  per  a.e.h.p.  in  coarse  than  in  fine 
crushing.     It  is  of  course  a  defect  in  these  and  all  similar  tests 
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that  so  little  is  known  about  this  factor,  since  it  is  as  important 
as  the  power  measurement  and  even  harder  to  estimate.  A 
statement  concerning  the  -200  mesh  screen  factor  adopted  in 
computing  the  R.s.u.  and  S.e.u.  per  a.e.h.p.  is  therefore  necessary. 
In  all  tests,  the  surface  for  this  grade  is  represented  by  the 
number   780.     This  grade   factor  was  derived   as   follows: 

The  side  or  diameter  of  the  theoretical  cube  in  a  grade 
passing  one  sieve  and  remaining  on  another  is  ordinarily  taken 
to  be  the  mean  of  the  two  sieve  apertures.  The  actual  grain 
is  smaller  in  volume  and  diameter  (diameter  =  ^/volume) 
than  the  theoretical  cube.  In  these  and  earlier  tests  the  average 
diameter  of  the  pieces  in  the  coarser  grades  were  determined  by 
counting  the  number  in  a  weighed  sample,  and  consequently  it 
was  necessary  to  estimate  the  factors  for  the  finer  screens  by  the 
same  method.  It  was  found  by  experiment  that  the  average 
actual  diameter  was  approximately  83%  of  the  diameter  of  the 
theoretical  cube,  and  this  correction  was  applied  to  the  sieve 
series  used  in  the  tests.  For  the  -200  grade,  Stadler's  ordinal 
number  28  was  adopted,  for  although  it  was  realized  that  it 
was  not  necessarily  an  accurate  estimate  of  the  average  volume 
of  the  particles  it  was  supposed  to  represent,  it  would  at  least 
serve  to  make  the  comparison  as  fair  to  one  as  to  the  other 
theory.  The  diameter  corresponding  to  ordinal  number  28  is 
0.00155"  and  the  reciprocal  of  83%  of  this  diameter  is  780,  the 
number  adopted.  It  is  probable  that  the  average  factor  is 
appreciably  greater  than  780.  After  examining  measurements 
made  with  a  microscope  of  the  diameters  of  grains  in  -200  mesh 
material  as  given  in  a  pamphlet  issued  by  the  U.S.  Bureau  of 
Standards,  Mr.  Bailey  came  to  the  conclusion  that  the  data 
indicated  the  factor  to  lie  between  1000  and  1200  R.s.u.;  but 
it  is  evident  that  much  research  will  be  required  to  solve  this 
important  and  difficult  problem. 

In  the  above  connection  it  may  be  important  to  state 
that  if  in  going  from  coarse  to  fine  crushing  there  is  a  considerable 
decrease  in  surface  in  the  -200  grades,  the  results  tabulated  in 
this  paper  would  be  appreciably  affected,  although  the  efTect 
of  such  a  variation  would  be  more  disastrous  to  Stadler's  theory 
based  on  Kick's  law  than  to  Rittinger's,  and  the  Stadler  e.u.  per 
a.e.h.p.  might  in  consequence  approach  perilously  near  to  zero. 
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PLATE  No.  12 
Laboratory  Screening  Machine  formerly  used. 


It  is  at  least  of  theoretical  interest  to  note  that  if  in  some  way 
Rittinger's  theory  could  be  firmly  established,  and  if  a  machine 
could  be  constructed  so  perfectly  as  to  permit  accurate  measure- 
ment of  the  powers  required  to  produce  two  markedly  different 
amounts  of  work  per  ton  and  therefore  two  separate  percentages 
of    -200    material,    there  would   then   be  apparently   no  great 
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PLATE  No.  13 

Screening  Machines  now  in  use  in  the  Ore  Dressing 
Laboratory  of  McGill  University. 


difficulty  in  experimentally  determining  the  surface  in  this  grade; 
for  if  the  —200  surface  factor  is  represented  by  X  and  the  surface 
in  the  coarser  grades  ( +  200  upwards)  measured  as  can  now 
be_done  with  reasonable  accuracy,  the  value  of  X  could  be  found 
by  solving  a  simple  equation.  The  measurement  of  surface  in 
the  +  200  and  coarser  grades  and  the  number  of  volume  reduction 
units  is  of  course  accomplished  with  screens.     To  secure  reliable 


202    Rock  Crushing  Tests  at  McGill  University — Bell 

and  comparable  screen  analyses  the  sieving  should  be  done 
mechanically.  The  machine,  used  for  this  purpose  in  the  tests 
described,  is  shown  in  Plate  12.^  It  mechanically  duplicates  the 
horizontal  eccentric  motion  customary  in  making  hand  screen 
analyses.  The  screening  is,  however,  somewhat  imperfect. 
Hence  upon  the  conclusion  of  the  Huntington  mill  tests,  the 
writer  after  some  experimenting  designed  the  sifter  shown  in 
Plate  13.  This  enables  a  rapid  and  accurate  screen  analysis  of 
small  samples  of  finely  crushed  material  to  be  made.  The  device 
was  designed  as  the  result  of  tests  showing  that  better  and  quick- 
er screening  was  effected  by  tapping  the  sieves  than  by  a  horizontal 
eccentric  motion,  which,  while  very  effective  in  distributing  the 
grains,  interferes  with  their  passage  through  the  screen  apertures. 
Upon  the  completion  of  this  device  all  the  Huntington  mill 
samples  were  rescreened  and  it  was  found  that  the  corrected 
results  were  not  greatly  different  from  the  original  results, 
because  the  screening  of  both  feed  and  discharge  samples  was 
about  equally  poor.  It  is  probable,  that  the  efficiency  figures  in 
the  rolls  and  crusher  tests  would  have  been  perceptibly  increased 
had  this  apparatus  been  available  during  their  prosecution,  as 
the  effect  of  imperfect  screening  in  the  coarse  crushing  tests  is 
unbalanced.  The  rise  would  have  been  general,  however,  and 
the  comparison  would  remain  the  same.  This  would  account 
in  small  part  only  for  the  vastly  poorer  performance  of  an 
a.e.h.p.  expended  in  coarse  crushing  (approximately  1100 
R.s.u.)  when  compared  with  the  2000  R.s.u.  produced  in  fine 
crushing;  and  this  sudden  increase  in  efficiency  certainly  demands 
explanation. 

The  explanation  of  this,  is  to  some  extent  speculative  at 
present,  and  depends  on  individual  interpretation  of  the  effects 
attributable  to  errors  in  power  measurements  caused  by  F^ 
friction,  or  to  errors  in  the  measurement  of  surface,  both  of  which 
tend  to  decrease  the  measured  R.s.u.  per  a.e.h.p.  Based  on  the 
study  of  the  laboratory  performance  of  coarse  crushing  machines 
in  a  large  number  of  tests  and  the  results  obtained,  it  is  probable 
that  the  production  of  1800  to  2000  R.s.u.  per  a.e.h.p.  is  dependent 
mainly  on  the  feasibility  of  constructing  a  machine  which  will 


^This  screening  machine  is  a  modified  form  of  a  machine  described  bv  T. 
J.  Hoover  (Trans.  I.M.M.,  Vol.  19). 
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practically  eliminate  Fj  friction  by  the  mechanical  perfection 
of  its  design.  The  mechanical  difficulty  to  be  overcome  is  the 
elimination  of  the  effect  of  enormous  loads  on  the  bearings. 
The  problem  is  an  interesting  one;  its  solution  might  be  found  in 
a  modification  of  the  Symons  crusher.  It  seems  probable  that 
the  frictional  losses  inevitable  in  ordinary  bearings  could  be 
reduced  greatly  by  the  use  of  a  type  of  bearing  formerly  used  in 
turbo-generator  installations  In  this  bearing  the  thrust  is  borne 
by  a  film  of  oil  forced  under  high  pressure  between  two  steel  discs. 
The  Symons  crusher  lends  itself  to  the  utilization  of  a  bearing  of 
this  type  better  than  any  other  coarse  crushing  machine  the 
writer  can  name.  The  power  lost  by  friction  between  the  crush- 
ing surfaces  and  the  particles  crushed  before  the  grip  becomes  so 
perfect  as  to  produce  fracture  cannot  be  measured  and  may  be 
appreciable  in  machines  like  Symons  crushers,  rolls,  etc.  This 
naturally  leads  to  the  consideration  of  whether  in  the  continua- 
tion of  the  experimental  study  of  rock  crushing,  crushers  should 
be  used,  or  discarded  in  favour  of  testing  machines,  (apparently 
the  only  alternative) ;  and  therefore  also  to  a  consideration  of 
Gates'  experiments  to  test  the  law  of  crushing. 

Mr.  Gates'  paper  was  published  over  a  year  ago.  His 
most  interesting  announcement  was  that,  using  a  testing  ma- 
chine to  effect  crushing,  he  had  demonstrated  the  defect  in 
Stadler's  theory  also  shown  by  the  McGill  tests  using  commer- 
cial types  of  crushers.  Mr.  Gates'  experiments  have  convinced 
the  writer  that  the  merits  of  testing  machines  connot  be  disregar- 
ded, although  he  is  by  no  means  convinced  that  a  higher  degree  of 
accuracy  is  thus  possible  than  with  rock  crushing  machines, 
and  particularly  if  these  machines  are  especially  constructed  to 
measure  the  constants  required  in  the  practical  application  of 
the  law  of  crushing  for  the  different  classes  of  rocks  or  ores 
crushed.  It  is  important  to  adopt  some  standard  method  to 
determine  the  constants,  and  consequently  a  discussion  of  the 
relative  merits  of  testing  machines  and  rock  crushing  machines 
is  desirable.  The  writer  would  feel  hesitancy  in  publishing  the 
results  of  the  McGill  tests,  if  he  were  not  assured  by  the  evidence 
obtained  from  check  tests  that  the  evenness  of  performance  of 
commercial  crushers  is  not  accidental  when  the  precautions 
alreadv    outlined    are    taken. 
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The  evenness  of  performance  above  referred  to  is,  how- 
ever, so  remarkable  as  to  demand  critical  study.  If  Rit- 
tinger's  theory  is  truly  applicable,  the  tests  compel  the 
conclusion  that  with  precautionary  measures,  the  percentage 
of  the  total  power  utilized  usefully  in  crushing  does  not  vary 
greatly  in  machines  such  as  rolls  and  the  Huntington  mill.  The 
large  production  of  R.s.u.  per  a.e.h.p.  resulting  by  the  method 
adopted  for  the  fine  crushing  tests  can  be  explained  by  certain 
favourable  features  in  the  mechanical  construction  of  the  Hunt- 
ington mill,  and  also  by  the  elimination  of  the  power  wasted  in 
stirring  the  pulp  in  the  mill.  In  the  course  of  a  critical  examina- 
tion of  the  results  obtained,  a  fact  was  brought  to  the  writer's 
attention  by  a  curious  and  interesting  experiment,  after  the 
completion  of  the  Huntington  tests.  In  the  preliminary  tests 
with  this  machine,  it  was  apparent  that  the  'work  per  ton'  was 
influenced  by  the  percentage  of  water  in  the  pulp,  and  the  power 
seemed  to  increase  slightly  when  the  water  content  was  increased. 
It  was  desirable  to  find  out,  therefore,  if  extra  power  was 
required  to  stir  a  slight  increase  in  the  water  delivered  to  the 
mill.  It  seemed  improbable  that  this  would  prove  to  be  the 
case,  but  it  was  necessary  to  know  definitely.  Hence  the  fol- 
lowing tests  were  made  to  measure  the  power  drawn  by  the  mill 
running  light  at  various  water  feeds.  The  results  are  given  in 
the  following  table.     (Table  16). 

TABLE  No.  16 


Dry  Ring  and  Rollers.  . 
Water— 6  gals,  per  min 

4 

"     \y2     "    " 

Water  Shut  Off. 

1st.  Five  Minutes 

2nd       "  "       .... 


Measured 

R.P.M. 

Power 

H.P. 

91 

1.25 

91 

1.03 

91 

1.05 

91 

1.05 

91 

1.12 

91 

1.19 

The  table  shows  that  a  large  variation  in  amount  of  water 
added  does  not  affect  the  power,  but  it  also  shows  that  the  lubrica- 
tion of  the  die  ring  produced  by  merely  wetting  it,  decreased  the 
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friction  between  it  and  the  rollers  by  an  amount  equivalent  to 
0.20  of  a  h.p.  It  is  interesting  to  note  the  rise  in  power  required 
as  the  ring  and  rollers  dry.  As  Mr.  Bailey  jestingly  remarked 
at  the  time,  '  'you  could  almost  estimate  the  degree  of  the  damp- 
ness of  the  ring  by  a  series  of  power  measurements".  This 
phenomenon  is  worthy  of  note  for  a  reason  that  will  be  best 
appreciated  by  first  outlining  the  routine  procedure  observed 
in  the  conduct  of  a  Huntington  mill  test.  First  water  in  required 
amount  is  delivered  to  the  mill.  The  mill  is  put  in  motion  and 
is  allowed  to  run  for  about  an  hour  to  establish  a  more  uniform 
condition  in  the  journals  of  the  machine.  The  power  drawn  by 
the  mill  is  then  measured  for  three  equal  5  minute  intervals,  and 
the  average  power  over  the  15  minutes  represents  the  light  load 
before  crushing.  During  crushing  the  power  is  measured  at 
equal  intervals  until  it  becomes  steady,  (a  condition  requisite 
before  the  discharged  pulp  can  be  sampled).  Thereafter  similar 
measurements  are  made  throughout  the  test.  The  average  of 
these  later  measurements,  which  are  very  uniform,  is  the  crushing 
load.  Following  the  measurement  of  the  crushing  load  the 
mill  is  rapidly  cleaned  by  adding  water  in  large  amount  without 
stopping  the  mill,  and  the  light  load  after  crushing  is  again 
measured  for  15  minutes.  The  average  light  load  is  subtracted 
from  the  crushing  load  and  the  difference  is  the  a.e.h.p.  noted 
for  the  test.  It  will  be  apparent,  therefore,  that  the  friction 
generated  by  the  contact  of  the  wet  rollers  and  die  ring  is  sub- 
tracted from  the  crushing  load,  and  the  question  that  this 
introduces  is,  whether  there  is  a  greater,  equal  or  less  amount 
of  power  of  similar  character  wasted  by  the  contact  of  the  rollers 
with  the  rock  particles  when  crushing  commences.  At  first  sight 
this  subtraction  seemed  to  introduce  an  error  when  reasoned  as 
follows:  Suppose  in  a  rolls  test,  the  light  load  was  measured 
with  the  rolls  in  contact  yet  it  is  imagined  that  the  rolls  separate 
during  crushing.  A  large  error  would  be  thus  introduced.  On 
further  consideration  it  seems  probable  that  in  the  case  of  the 
Huntington  mill  this  analogy  does  not  hold  true,  for  the  reason 
that  the  pressure  either  on  the  ring  or  the  particles  crushed  is 
always  the  same  (a  condition  that  could  never  be  even  approxi- 
mated in  the  rolls),  and  that  consequently  it  is  probable  that 
there  is  even  more  power  wasted  in  the  rolling  contact  of  the 
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rollers  with  the  particles  than  the  rollers  with  the  ring.  If  this 
is  the  case,  subtraction  of  the  latter  power  is  fully  justified. 
The  results  obtained  in  Table  14  indicate  that  one  frictional 
effect  must  to  a  large  extent  be  offset  by  the  other. 

The  statement  has  been  made  that  the  large  production  of 
R.s.u.  per  a.e.h.p.  can  be  explained  by  the  favourable  mechani- 
cal construction  of  the  Huntington  mill.  That  this  is  so  will  be 
apparent  by  the  fact  that  in  this  machine  an  enormous  and  uni- 
form (centrifugal)  force  can  be  applied  to  the  pieces  crushed  with- 
out its  direct  transmission  to  a  single  bearing  in  the  machine. 
F2  friction  is,  therefore,  almost  eliminated,  and  the  slight  amount 
generated  in  the  journals  and  transmission  could,  if  necessary,  be 
corrected  by  a  series  of  brake  h.p.  tests  to  determine  the  efficien- 
cy of  the  journals  and  gears  under  various  loads.  If  the  Hunt- 
ington mill  is  adopted  as  a  suitable  machine  for  measuring 
practical  constants,  every  bearing  in  the  machine  can  be  a  ball 
bearing  running  in  a  bath  of  lubricant.  The  gears  will  of 
course  be  machine  cut  in  preference  to  the  present  cast  gears,  and 
enclosed  in  a  gear  casing  to  permit  of  continuous  lubrication.  This 
last  change  might  with  advantage  be  introduced  in  the  machine 
as  used  commercially.  When  this  machine  is  used  for  fine 
grinding  as  described  there  is  a  complete  elimination  of  the 
pounding  action  characteristic  in  crushing  pieces  of  larger  diam- 
eter. The  machine's  high  efficiency  in  coarse  crushing  can  only 
be  accounted  for  by  its  exceptionally  low  and  uniform  journal  fric- 
tion. The  power  lost  in  pounding  and  in  continuously  stirring 
the  pulp  in  the  mill  are  certainly  factors  unfavourable  to  high 
efficiency;  and  yet  notwithstanding  these  manifest  disadvantages 
the  preliminary  tests  indicate  a  performance  equal  to  that  of 
rolls  even  with  a  large  increase  in  the  work  done  per  ton.  It  was 
hoped  that  a  series  of  Huntington  mill  coarse  crushing  tests  might 
be  included  in  this  paper.  Unforseen  contingencies  have  prevent- 
ed their  execution  but  this  work  will  be  undertaken  as  soon  as 
possible  and  the  results  submitted.  All  the  preliminary  work 
has  been  completed  and  several  improvements  made  in  the 
equipment.  Obviously  in  coarse  crushing  Huntington  mill 
tests,  the  machine  must  be  operated  in  the  ordinary  way.  The 
writer  can  forsee  no  real  difficulty  in  correcting  the  a.e.h.p. 
by  subtracting  the  power  wasted  in  stirring,  as  this  can  be  mea- 
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sured   approximately   by   a   method   he   has   already   tried.     A 
number  of  measurements  will  of  course  be  required. 

There  remains  but  one  more  series  of  tests  to  be  included  in 
this  paper.  Before  it  was  decided  to  crush  the  tinguaite  rock, 
the  desirability  of  crushing  a  quartz  gangue  was  recognized  as 
being  of  more  interest  to  those  engaged  in  practical  work;  un- 
fortunately, however,  none  was  obtainable  locally,  and  tinguaite 
was  employed  for  the  experiments.  It  was  feared  that  to  some 
extent  the  habit  of  fracture  of  tinguaite  might  have  prejudicially 
influenced  the  results  obtained,  hence  upon  the  conclusion 
of  the  Huntington  mill  tinguaite  tests,  a  series  of  grades  of 
quartz  sand  was  prepared  and  used   to  determine  this  point. 

TABLE  No.   17 
8th  Series,  1915-16  Tests,  33^  Huntington  Mill 


Diam- 
eter 
Feed 

Inches 

Grade 
Mesh 

Tons 
Crushed 
24  hrs. 

Appar- 
ent 
Effect- 
ive 
H.P. 

Work  Done 
per  ton 

Work  Done 
per  A.E.H.P. 

Test 

Stad- 

ler 
E.U. 

Rit- 
tinger 
S.U. 

Stad- 

ler 
E.U. 

Rit- 
tinger 
S.U. 

133 
134 
135 

0.012 
0.012 
0.012 

+  40 
-+-40 
+  40 

19  9 
20.0 
19.1 

0.75 
0.80 
0  81 

2.2 
2.2 
2.4 

109 
110 
122 

58  5 
55  2 
55.4 

2900 
2750 
28S0 

n6 

137 
138 

0.008 

0.008 
0.008 

+  60 
+  60 
+  60 

18  7 
19.9 
19.6 

0  68 
0  67 
0.68 

\    6 
1.6 
1.6 

92 
92 
94 

43  2 

47.5 
46.7 

2510 
2720 
2710 

139 
140 
141 

0.006 
0  006 
0.006 

+  80 
+  80 
+  80 

18.8 
18.0 
19.1 

0.45 
0  41 
0.45 

0.7 
0.8 
0.8 

58 
61 
64 

30  9 
.-6  5 
34  4 

2420 
2680 
2700 

142 

0.005 

+  100 

18.2 

0.19 

0.3 

28 

32  6 

2690 

Rock  crushed . 

Ave 

rage  tests 

133-135 

Grade 

+40 

57 

2890 

Quart 

I  from .  . 

. 

' 

137-138 

Grade 

+  60 

47 

2715 

Porcupine  Dist 

rict . . 

, 

140-141 

Grade 

+  80 

35 

2690 

Ontar 

o 

Test 

142 

Grade 

+  100 

28 

2690 

Mill  R.P.M.  in  these  tests,  approximately 91 
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The  sand  tested  was  a  clean  quartz  tailing  resulting  from  testing 
a  shipment  of  ore  from  the  Porcupine  Crown  Mines  Co.,  at 
Timmins,  Ontario,  the  concentrate  in  which  had  been  removed 
by  tabling.  It  was  also  of  interest  to  crush  this  material  in  order 
to  gain  information  concerning  the  power  required  in  the  extensive 
■crushing  operations  which  are  being  conducted  in  this,  the  most 
important,  free  gold  district  in  Canada.  Unfortunately  the  +30 
^rade  had  been  removed  for  another  purpose  by  screening  and 
the  supply  of  finer  grades  was  limited.  Making  the  best  use 
possible  of  the  material  at  hand,  the  results  listed  in  Table  17 
"were  obtained. 

Convincing  evidence  was  furnished  by  the  results  in  Table  17 
that  the  relation  between  power  and  crushing  indicated  by  the 
tinguaite  tests  remains  unchanged  when  the  rock  crushed  is 
quartz,  excepting  that  the  crushing  force  is  less,  as  is  shown 
by  the  larger  number  of  R.s.u.  produced  per  a.e.h.p.  It  will  be 
noticed  that  over  the  same  range  (  +  40  to  +100  )  the  Stadler 
€.u.  per  a.e.h.p.  diminish  proportionately  foi  the  two  classes  of 
rock  crushed,  since  the  drop  is  approximately  50%  in  both  cases, 
(compare  Tables  15-17)  and  when  it  is  considered  that  Mr.  Gates 
has  obtained  similar  results  for  three  entirely  different  rocks 
there  would  seem  to  be  a  reasonable  amount  of  experimental 
data  now  available  to  justify  the  following  conclusions: — 

(1)  That  in  the  case  of  the  reduction  of  any  given  rock 
there  is  a  constant  relationship  between  the  power  applied  and 
the  crushing  effected. 

(2)  That  Rittinger's  theory  appears  to  conform  agreeably 
^'Ith  this  relationship; 

(3)  That  Stadler's  theory  based  on  Kick's  law  does  not 
so  conform. 

It  may  perhaps  be  of  interest  to  apply  the  results  in  Table  17 
to  a  practical  case,  to  obtain  a  rough  idea  of  the  efficiency  of  an 
all  sliming  crushing  plant.  Several  assumptions  are  necessary  as 
follows :  Let  it  be  assumed  that  the  quartz  crushed  in  the  tests 
in  Table  15  approximately  represents  the  character  of  quartz 
found  in  the  Porcupine  district  and  that  the  plants  there  in 
operation  reduce  13^  tons  of  ore  to  slime  (-200  mesh)  per  24  h.p. 
hours.     Calculated  by  the  method  used   in   this  investigation, 


Rock  Crushing  Tests  at  McGill  University — Bell   209 

one  h.p.  in  practice  is  therefore  producing  1)^  x  780  or  1200  R.s. 
units.  The  results  in  Table  17  indicate  that  a  h.p.  is  capable  of 
producing  approximately  3000  R.s.  units  for  rock  of  this  charac- 
ter, so  that,  on  the  assumed  basis,  the  machinery  utilizes 
40%  of  the  power  absorbed.  It  is,  of  course,  probable  that  a 
h.p.  expended  in  crushing  quartz  is  ideally  capable  of  pro- 
ducing even  a  larger  number  than  3000  R.s.  units  which  would 
of  course  reduce  the  efficiency  correspondingly.  In  the  example 
above  it  has  been  assumed  that  the  average  diameter  of  the 
pieces  delivered  to  the  mill  is  one  inch,  which,  at  first  sight,  may 
seem  to  introduce  an  absurd  error;  but  when  it  is  remembered 
that  blasting  produces  a  large  proportion  of  fine  material  it  is 
probable  that  the  average  diameter  of  the  mill  feed  would  be 
less  than  an  inch,  a  circumstance  that  would  tend  to  lower 
the  40%  efficiency  estimate. 

In  conclusion,  the  author  wishes  to  record  his  appreciation 
of  Professor  J.  B.  Porter's'  work  in  initiating  and  developing 
investigation  of  the  law  of  crushing.  As  the  work  progressed. 
Dr.  Porter  realized  that  the  research  demanded  more  time  and 
detailed  study  than  he  and  the  members  of  the  departmental 
staff  could  spare  without  detriment  to  their  regular  duties;  he 
therefore  requested  the  writer  to  undertake  the  investigation  and 
not  only  relieved  him  from  a  part  of  his  routine  work,  but  also 
placed  at  his  disposal  the  whole  resources  of  the  Department. 
Thus,  with  the  assistance  of  certain  post-graduate  students,  it 
became  possible  to  carry  out  a  far  more  exhaustive  research  than 
would  otherwise  have  been  practicable  and  so  to  a  attain  a 
certain  measure  of  success  in  spite  of  many. difficulties.  In  this 
connection  the  author  wishes  also  to  express  his  great  obligation 
to  his  associates  in  the  research,  Messrs.  W.  G.  Mitchell,^  P.  P. 
Baily^  and  W.  E.  Cockfield,^  who  displayed  untiring  enthusiasm 
and  energy  throughout  the  several  years  of  continuous  effort 
devoted  to  preparing  for  and  carrying  out  more  than  two  hun- 
dred preliminary  and  final  tests,  of  which  this  paper  is  the  first 
fruit. 

He  also  desires  to  express  his  appreciation  of  Mr.  S.  W. 
Werner's^  services  in  preparing  the  photographs  of  equipment,  etc. 

iProfes  or  ot   Mining  Engineering  and   Director  of  the  Mining  Building, 
McGill  University. 

^Research  Fe  lows  in  Mining,  McGill  University. 
'Lecturer  in  Metallurgy,  McGill  University. 


THE    COAL   SITUATION    IN    CANADA 
By  W.  J.  Dick,  Ottawa,  Ont. 

Annual  Meeting,  Ottawa,  1916. 

1.  Value  of  Coal  From  A  National  Standpoint 

Of  all  the  world's  metals,  iron  is  in  our  day  the  most  useful ; 
and  the  industrial  position  of  nat'ons  may  almost  be  measured 
by  its  production  and  use.  To  develop  an  iron  industry,  coal 
is  necessary,  so  that  the  value  of  each  depends  upon  the  amount 
and  nearness  of  the  other.  Foreign  coal  cannot  form  the  basis 
of  a  great  branch  of  industry  as  coal  is  a  cumbersome  commodity 
and  its  cost  is  doubled  or  tripled  by  loading,  unloading  and 
conveying  it  100  or  200  miles.  The  development  and  use  of  the 
electric  furnace  will  tend  to  make  the  iron  industry  more  in- 
dependent of  coal  but  electro-siderurgy  has  certian  disadvanta- 
ges and  depends  on  cheap  water-power.  In  a  country  of  such 
enormous  proportions  as  the  Dominion  of  Canada,  extending 
from  the  Atlantic  to  the  Pacific  ocean,  and  northward  to  the 
Arctic  ocean,  with  its  severe  winters,  the  question  of  an  ade- 
quate fuel  supply  as  a  source  of  heat,  light,  power  and  for  use 
in  the  metallurgical  industries  must  always  be  of  paramount 
importance.  To  a  great  extent  the  requisites  of  power  and  light 
can  be  supplied  by  the  utilization  of  the  numerous  water-falls 
with  which  the  country  is  so  well  supplied.  It  is  estimated  that 
the  total  water-power  in  Canada  amounts  to  over  17,700,000 
horse-power.'  Assuming  that  under  average  conditions 
one  horse-power  hour  can  be  produced  in  a  steam  plant  from  3 
pounds  of  coal,  the  17,700,000  horse-power  if  developed,  would 
on  a  basis  of  12  hours  a  day,  and  a  load  factor  of  50  per  cent, 
represent  a  saving  of  443^  million  tons  of  coal  per  year.  Al- 
though hydro-electric  energy  will,  where  available,  to  a  great 
extent  replace  the  use  of  coal  for  light  and  power  purposes 
and  for  certain  metallurgical  work,  the  necessary  uses  of  coal 
will  continue  on  a  large  scale. 

'Although   this  is  a   reliable  estimate,    not  all   the  water  power  can  be 
developed   economically. 

(210) 
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II.     Coal  Resources  of  Canada 

The  coal  deposits  of  Canada  compare  favourably  with  those 
of  the  greatest  coal  mining  countries  of  the  world  in  respect  of 
quality,  quantity  and  accessibility  for  mining  purposes.  Ac- 
cording to  estimates  prepared  by  D.  B.  Dowling  of  the  Geo- 
logical Survey,  the  known  area  in  Canada  underlain  by  workable 
coal  beds  is  111,168  square  miles. 

The  coalfields  may  be  divided,  for  the  sake  of  convenience 
in  classification,    into  four  main  divisions,  as  follows: — 

(1)  The  eastern  division,  containing  the  bituminous 
coalfields  of  Nova  Scotia  and  New  Brunswick. 

(2)  The  central  or  interior  division,  containing  the 
lignites  of  Manitoba  and  Saskatchewan  and  the  lignites, 
sub-bituminous,  bituminous  and  anthracite  coalfields  of  Alberta 
and  the  eastern  Rocky  Mountain  region. 

(3)  The  Pacific  Coast  and  the  Western  mountains  division 
containing  the  semi-anthracite  and  bituminous  fields  of 
Vancouver  Island,  Queen  Charlotte  Island  and  the  Interior  of 
British  Columbia;  and  the  lignites  of  Yukon. 

(4)  The  Northern  division,  containing  the  low-grade 
bituminous  and  lignites  of  the  Arctic-Mackenzie  basin. 

The  coal  area  of  the  different  provinces  and  the  estimated 
quantity  of  coal  therein  are  shown  in  the  table  on  page  170. 

About  one-quarter  of  the  coal  resources  of  the  world  is 
possessed  by  the  British  Empire,  about  70  per  cent  of  which 
is  credited  to  Canada.  Although  the  coal  resources  of  Canada 
are  so  great,  the  production  in  1913  amounted  to  but  little 
over  15,000,000  tons,  while,  in  the  same  year,  the  production 
of  Great  Britain  was  over  292,000,000  tons. 

Production: — The  coal  mining  industry  of  Canada  has 
developed  at  a  very  rapid  rate.  In  1874,  the  earliest  year  for 
which  there  is  a  reliable  record,  the  production  was  1,063,742 
tons.  Twelve  years  later,  in  1886,  it  had  doubled ;  after  twelve 
years  (in  1898)  the  production  had  again  doubled,  4,173,108 
tons  of  coal  having  been  produced.  From  1898,  the  produc- 
tion rose  more  rapidly,  and  in  six  years  the  production  was 
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again  doubled,  amounting  to  8,254,595  tons  in  1904.  In  1913, 
the  production  was  15,012,178  tons,  or  an  increase  of  nearly 
85  per  cent  in  nine  years.  This  rate  of  increase  is  somewhat 
lower  than  for  the  previous  few  years  on  account  of  the  effect 
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of  labour  troubles  and  the  use  of  California  fuel  oil  in  Western 
Canada. 

Imports: — The  imports  of  coal  into  Canada  have  increased 
faster  than  the  production.  In  1886  the  imports  amounted  to 
1,962,604  tons.  Twelve  years  later,  in  1898,  they  had  increased 
about  70  per  cent  and  amounted  to  3,374,170  tons.  From  1898, 
they  increased  very  rapidly  and,  in  six  years,  they  were  more 
than  doubled,  amounting  to  6,936,959  tons  in  1904.  In  1913, 
the  imports  amounted  to  18,201,953  tons,  or  an  increase  of  over 
2.6  times  in  nine  years.  The  diagram  on  page  172  shows  the 
production,  exports,  imports  and  consumption  of  coal  in 
Canada  from  1886  to  1913. 

Of  the  total  consumption  during  1913,  42.6  per  cent  was 
domestic  coal  and  57.4  per  cent  imported  coal,  or,  in  other  words 
Canada  imports  more  coal  than  she  produces.  The  importance 
of  this  fact  may  be  more  fully  recognized  when  it  is  realized 
that  the  value  of  the  coal  production  greatly  exceeds  that  of 
any  other  mineral  product  and  amounted  to  over  25  per  cent  of 
the  total  mineral  production  of  Canada  in  1913,  being  valued 
at  about  $37,335,000.  The  situation  then  is  this:  although 
Canada  has  over  173^  per  cent  of  the  world's  reserve  of  coal, 
our  production  is  small  and  we  import  more  than  we  produce. 
The  reason  why  this  condition  exists  is  because  the  coalfields  of 
Canada  are  situated  in  the  eastern  and  western  portions  of 
the  Dominion;  the  distance  separating  them  being  about  2,500 
miles. 

III.     Anthracite  Coal  Situation 

Eastern  Canada  possesses  no  deposits  of  anthracite  coal, 
and  as  this  class  of  coal  is  admirably  suitable  for  domestic 
heating  and  cooking  purposes,  it  is  imported  in  considerable 
quantity  from  the  United  States  and  is  sold  over  an  area  ex- 
tending from  Nova  Scotia  in  the  east,  to  Battleford,  Sask., 
in  the  west.  The  imports  in  1913  amounted  to  over  4,640,000 
tons,  being  more  than  double  the  imports  of  1906.  From  this 
it  can  be  seen  that  the  demand  for  this  class  of  coal  is  increasing, 
notwithstanding  the  increasing  prices;  again,  the  supply  of 
anthracite  coal  in  the  United  States  is  limited  and  there  is  no 
assurance  that  its  export  to  Canada  will  be  long  continued. 
In  1913,  it  was  estimated  that  there  were  16,153,000,000  tons 
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of  anthracite  coal  in  the  United  States.  In  1913,  91,524,922 
tons  were  mined  and,  as  it  has  been  estimated  that  for  every 
ton  of  coal  lost  a  ton  and  a  half  is  sold  or  used,^  the  exhaustion 
is  proceeding  at  the  rate  of  152,541,536  tons  per  annum.  If 
the  production  continued  at  the  same  rate  it  would  exhaust 
the  anthracite  of  the  United  States  in  little  over  100  years. 
We  must  therefore  expect  that  the  price  will  gradually  increase 
until  only  the  wealthy  few  can  afford  it.  Coincidently  with 
the  rising  price,  production  will  decrease,  thus  prolonging  the 
life  of  the  mines. 

How  this  Situation  may  he  met: — From  the  above  it  may  be 
seen  that  before  many  years  eastern  Canada  cannot  be  assured 
of  getting  supplies  of  anthracite  coal  from  the  United  States 
unless  at  a  greatly  increased  cost,  which  increase  is  already 
being  felt;  also  that,  as  there  are  no  supplies  of  this  class  of 
coal  in  the  above  mentioned  area,  we  cannot  expect  to  supply 
the  need  from  our  own  resources.  Hence,  we  arrive  at  the  con- 
clusion that  some  kind  of  substitute  must  be  developed  to  take 
its  place.  This  may  take  the  form  of  peat,  electric  energy, 
coke  or  a  combination  of  all  three. 

Peat: — In  so  far  as  peat  is  concerned  there  are  undoubtedly 
areas  where  it  may  be  used  to  a  small  extent  for  domestic  fuel 
but  its  greatest  use  will,  probably,  be  in  the  generation  at  the 
bog  of  electric  energy. 

Electric  Energy:^ — It  is  well  known  that  hydro-electric 
energy  can  replace  coal  for  practically  all  uses  and  it  may  be 
said  that  it  has  replaced  it  to  advantage  and  with  economy  in 
all  cases  except  where  the  heat  from  the  coal  is  used  without 
further  transformation.  The  principle  use  of  electrical  energy 
as  a  substitute  for  coal  is  probably  as  power.  The  convenience 
of  the  former,  over  practically  all  other  forms  of  power  and 
the  ease  with  which  it  may  be  transmitted  from  a  central 
generating  point  are  responsible  for  its  quasi-universal  use. 
Even  where  coal  has  to  be  used  as  a  primary  agent  we  find 
innumerable  cases  where  it  is  first  converted  into  electrical 
energy  for  both  convenience  and  economy.  If  this  is  true  forcoal- 

1  Mineral  Resources  of  the  United  States — Part  II,  1913,  page  728. 

'These  notes  on  the  substitution  of  electric  energy  for  coal  have,  kindly, 
been  supplied  by  L.  G.  Denis,  Hydro-electric  Engineer,  Commission  of  Con- 
servation. 
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generated  electric  energy,  it  is  all  the  more  so  for  hydro-electric 
power  as  in  most  cases  the  latter  is  cheaper  to  generate.  With 
regard  to  the  uses  of  electricity  where  used  as  a  source  of  heat 
only,  so  far  the  comparatively  high  cost  has  prevented  its 
more  universal  adoption.  If,  however,  we  include  the  electro- 
chemical industry  and  domestic  cooking  under  this  head  we 
find  that  electricity  is  already  being  extensively  used  along 
these  lines.  In  the  electro-chemical  field  where  heat  is  supplied 
from  electricity,  most  of  the  processes  would  not  allow  the  use 
of  coal  as  a  source  of  heat;  this,  and  not  economic  consideration 
is  perhaps  the  chief  reason  why  electrical  energy  is  used.  To 
show  the  rapid  strides  which  this  branch  is  taking  in  Canada 
it  may  be  stated  that  over  175,000  h.p.  of  the  hydro-electric 
energy  generated  in  Canada  is  utilized  in  the  electro-chemical 
and  metallurgical  industries.  In  the  field  of  domestic  cooking 
we  may  attribute  the  cause  for  the  substitution  first,  to  conven- 
ience, and,  second  to  reasons  of  economy.  Electric  heating 
has  for  some  time  received  serious  consideration  in  Sweden  and 
Norway.  The  very  low  rates  there  bring  it  in  much  closer 
competition  with  coal  and  other  fuels.  The  rates  considered 
some  time  ago  to  make  electric  heating  economically  possible 
varied  from  |c.  to  §c.  per  kwt.  It  would  be  difficult  to  predict 
exactly  what  the  future  has  in  store  in  connection  with  the  total 
substitution  of  hydro-electric  energy  for  coal  in  the  different 
uses  where  heat  only  is  required.  That  it  is  a  practical  possibility 
has  already  been  demonstrated  in  almost  every  use  one  can  think 
of,  so  that  the  only  problem  to  be  solved  is  that  of  cost.  The 
cheapest  development,  under  present  conditions  in  Canada, 
can  supply  hydro-electric  energy  at,  we  will  say  $10.  per  h.p. 
year  and  this  figure  is  not  far  from  the  truth.  If  we  compare 
the  heat  equivalent  of  coal  with  the  heat  contained  in  this 
electrical  energy,  after  allowing  a  loss  of  30  per  cent  in  the 
theoretical  heat  of  the  coal,  we  find  the  equivalent  rate  for 
electricity  to  be  $11  per  h.p.  year.  This  condition,  however, 
assumes  that  the  heat  will  be  used  for  24  hours  per  day  during 
the  whole  year,  a  condition  which  does  not  exist  for  ordinary 
industrial  uses  agnd  domestic  heatin.  If  we  consider  that  the 
lectricity  or  heat  will  only  be  required  for  half  the  time  during 
he  period,  then  the  price  to  compete  with  coal  would  have  to 
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decline  to  half  of  the  amount  stated,  or  S5.50  per  h.p.  year. 
These  figures  refer  to  present  conditions,  and  although  the  mar- 
gin seems  wide  between  $10  and  $5.50  per  h.p.,  the  increase  in 
coal  prices  and  progress  in  hydro-electric  development  will  both 
tend   to  bring  them  closer  together. 

Coke: — In  other  countries,  coke  affords  a  good  substitute  for 
bituminous  and  anthracite  coal.  As  domestic  fuel,  and  for 
all  ordinary  industrial  purposes,  such  as  baking,  drying,  heating 
and  steam  raising,  it  is  fully  equal  to  anthracite  coal;  it  lights 
quicker  and  holds  the  heat  as  well,  while  its  smokelessness 
renders  it  easily  superior  to  bituminous  coal.  It  requires  no 
special  appliances  to  burn  it,  and  only  a  slightly  different  adjust- 
ment of  draught.  The  extent  to  which  it  is  used  in  the  United 
States  is  shown  by  the  fact  that  in  Everett,  Mass.,  one  plant 
alone  supplies  about  200,000  tons  of  by-product  coke  per  year 
for  domestic  and  industrial  service,  and  a  similar  amount  is 
used  in  the  same  locality  for  firing  locomotives,  particularly  in 
suburban  service,  because  of  its  smokeless  nature.  In  Canada, 
gas  coke  (inferior  to  by-product  coke)  is  used  to  a  considerable 
extent  for  domestic  heating  purposes  and  is  sold  at  a  price  very 
little  below  that  of  anthracite  coal.  On  account  of  the  high 
price  of  anthracite  coal  in  Canada  and  the  necessity  for  its  use 
as  fuel  for  ordinary  house-heating  boilers  during  the  winter, 
there  seems  to  be  a  good  opportunity  for  the  installation  of 
small  by-product  coke  ovens  at  well  chosen  points.  These 
localities  should  be  on  the  St.  Lawrence  or  Great  Lakes  route. 
Where  proper  markets  exist,  the  profit  would  be  that  approx- 
imately represented  by  the  difference  in  the  price  of  coal  as 
compared  with  the  selling  price  of  a  ton  of  coke;  in  other  words 
the  returns  from  by-products  would  cover  all  other  charges.  Gas 
companies  have  not  taken  this  matter  up  because  their  main 
product  is  gas,  while,  in  the  suggestion  outlined  above,  the  main 
product  is  coke. 

IV.     Bituminous  Coal  Situation 

The  distribution  of  coal  sold  in  Canada  is  as  follows: — 

(1)  Nova  Scotia  bituminous  coal  is  used  only  as  far  west 
as  Cornwall,  Ont. 
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(2)  United  States  bituminous  coal  is  used  from  Farnham 
Que.  to  a  line  drawn  from  Battleford  to  Moose  Jaw  and  thence 
to  Estevan,  Sask.  Although  a  considerable  quantity  is  used 
in  Manitoba  and  Saskatchewan,  these  provinces  are  also  sup- 
plied by  coal  from  the  Crowsnest,  Edmonton,  Lethbridge  and 
Souris  districts. 

(3)  Vancouver  Island  coal  is  sold  over  a  very  limited 
area;  large  quantities  are  exported  to  the  United  States. 

Oil-burning  locomotives  are  used  on  the  Canadian  Pacific 
Railway  from  Vancouver  to  North  Bend  and  from  Kamloops 
to  Field,  B.  C. ;  on  the  Grand  Trunk  Pacific  Railway  from  Prince 
Rupert  to  Jasper,  Alta. ;  on  the  Great  Northern  throughout  the 
Cascade  division;  and  on  the  Esquimalt  and  Nanaimo  Railway 
on  Vancouver  Island. 

(1)  Nova  Scotia  Coal: — Nova  Scotia  coal  is  shipped  to 
Montreal  by  way  of  the  St.  Lawrence  route,  but,  on  account  of 
the  closing  of  the  river  during  the  winter  months,  shipments 
cannot  be  made  during  this  period,  consequently  large  stock 
piles  are  made  at  or  near  Montreal  during  the  open  season. 

The  coal  used  on  locomotives  between  Montreal  and  Ottawa 
is  half  Nova  Scotia  coal  and  half  United  States  coal — the  former 
is  used  to  coal  locomotives  leaving  Montreal,  while  the  latter 
is  used  on  those  leaving  Ottawa. 

From  the  above  it  may  be  considered  that  this  is  the  eco- 
nomic limit  to  which  Nova  Scotia  coal  may  be  used. 

(2)  United  States  Coal: — On  account  of  its  bulk  the  chief 
factor  in  the  economic  marketing  of  coal  is  low  transportation 
charges.  As  the  water  transport  charges  on  coal  for  600  miles 
on  the  Great  Lakes  is  less  than  one-half  mill  per  ton  mile  as 
against  6.6  mills  per  ton  mile  for  coal  hauled  a  similar  distance 
from  the  west  eastward,  it  can  be  seen  that  shipment  by  water 
of  American  coal  towards  the  west  has  a  distinct  advantage 
over  western  coal  in  so  far  as  the  middle  west  market  is  concern- 
ed. 

The  following  example  is  a  comparison  of  prices  of  United 
States  coal  and,   (say)  Crowsnest  coal  laid  down  at  Winnipeg. 


Coal  Situation  in  Canada — Dick  219 

Price  (per  ton)   of    United  States  coal  '".o.b.  Cleveland  $2. 15 

Freight  charges  to  Fort  William  (per  ton) 30 

Handling  (per  ton. ) 30 

Duty  (per  ton) 53 

Total  cost^  at  Fort  William $3 .  28 

Freight  rate  from  Fort  William  to  Winnipeg 2.50 

Total  cost  at  Winnipeg $5 .  78 

Cost  of  Crowsnest  coal  f.o.b.  Crowsnest  district,  say.  .  .    $2.10 
Freight  rate  from  Crowsnest  district  to  Winnipeg 4.65 

Total  cost  at  Winnipeg $6.75 

The  freight  rate  on  United  States  coal  from  Fort  William 
to  Winnipeg,  a  distance  of  428  miles  is  $2.50  per  ton,  while  the 
freight  rate  on  Canadian  coal  hauled  eastward  is  $2.50  per  ton 
for  three-fifths  of  this  distance.  The  railways,  no  doubt,  have 
a  good  reason  for  charging  a  higher  freight  rate  for  coal  hauled 
eastward,  but  the  fact  remains  that  it  favours  the  marketing 
in  Western  Canada  of  United  States  coal. 

Two  problems  of  great  importance  exist  in  the  Prairie 
Provinces  today,  and  their  solution  will  become  a  matter  of 
even  greater  moment  in  the  future.  These  are:  the  problem 
of  cheap  power  and  the  problem  of  a  domestic  fuel  supply.  In 
western  Manitoba,  in  Saskatchewan,  and  in  eastern  Alberta 
water-power  development  costs,  are,  in  most  instances,  high, 
but  these  districts  are  within  reach  of  great  deposits  of  lignite. 
It  is,  therefore,  of  great  importance,  that  something  be  done 
with  a  view  to  utilizing  the  low-grade  fuels  which  underlie  the 
greater  portion  of  Alberta  and  part  of  Saskatchewan  and 
Manitoba.  In  order  to  make  the  coal  transportable  and  suitable 
for  domestic  and  power  purposes,  it  would  be  necessary: 

1.  That  it  be  of  sufficient  value  to  be  able  to  bear  the  cost 
of  transportation. 

2.  That  it  withstand  handling  and  a  certain  amount  of 
weathering. 

3.  That  it  be  a  suitable  fuel  for  domestic  and  power  pur- 
poses. 

Coal  briquettes  fulfill  these  conditions,  and  it  is  desirable 
that  investigations  be  carried  on  with  a  view  to  determining 

'At  the  present  time  there  is  an  additional  war  tax  of  16  cents. 
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the  suitability  of  the  lignite  and  low-grade  coals  for  the  manu- 
facture of  briquettes.  The  Saskatchewan  government  has 
done  considerable  work  along  this  line. 

The  experience  of  the  United  States  and  Germany  has  de- 
monstrated that  cheap  power  can  be  produced  in  gas  engines 
from  lignites  inferior  to  those  in  the  Prairie  Provinces  and  it  is 
believed  that  electric  energy  can,  at  certain  localities  in  the 
West,  be  generated  from  lignite  or  sub-bituminous  coal  and 
supplied  to  the  market  at  a  less  cost  then  the  power  in  use 
at  present.  Investigations  carried  on  by  the  Mines  Branch  of 
the  Canadian  Department  of  Mines  have  demonstrated  the 
suitability  these  low-grade  coals  for  use  in  gas-producers. 

FUEL  OIL 

Fuel  oil  is  used  to  a  considerable  extent  in  Western  Canada. 
It  is  not  possible  to  estimate  to  what  extent  fuel  oil  has  replaced 
coal  but  according  to  Railway  Statistics*  about  40,655,000  gallons 
of  oil  fuel  were  used  on  railways  in  this  district.  Assuming  that 
3.86  barrels  of  oil  42  United  States  gallons  are  equivalent  to  one 
ton  of  coal  for  steaming  purposes,  then  this  figure  would  represent 
the  replacing  of  about  314,000  tons  of  coal.  On  account  of 
its  importance  to  coal  operators  in  British  Columbia  and  Alberta 
a  fair  understanding  of  this  question  is  necessary.  The  devel- 
opment of  fuel  oil  for  use  on  railways  and  steamships  has  been 
brought  about  by  the  discovery  of  large  oilfields  in  California. 
Oil  fuel  has  many  advantages  over  coal  but  its  use  or  non-use 
will,  of  course,  depend  upon  whether  it  is  the  most  economical 
fuel  to  use  under  the  circumstances.  In  this  connection  it 
might  be  said  that  the  railway  companies  have  adopted  its  use, 
not  on  account  of  any  compulsion  on  the  part  of  the  Govern- 
ment but  from  business  considerations.  On  account  of  the 
ease  with  which  it  can  be  fired,  loaded  into  boats,  and  that  it 
occupies  less  space  than  coal,  thereby  giving  greater  freight- 
carrying  capacity  for  steamships,  it  will  be  used  on  this  class 
of  traffic  some  time  after  its  price  exceeds  the  price  of  its  equiva- 
lent in  coal.  Fuel  oil  has  been  used  to  a  considerable  extent  on 
railways  in  the  United  States  since  its  introduction  in  1900. 
The  partial  exhaustion  of  oil-fields  adjacent  to  some  of  these 
lines  has  caused  them  to  revert  to  coal.  The  change  back  to 
*  Department  of  Railways  and  Canals. 
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coal  will  be  still  more  evident  as  the  increasing  prices  for  oil 
offset  its  advantages.  The  use  of  fuel  oil  in  place  of  coal  in 
Western  Canada  depends  upon  the  low  price  of  crude  oil 
from  California  or  from  other  States  bordering  on  the  Pacific 
and  from  Mexico.  With  regard  to  this  subject  David  T. 
Day  in  The  Production  of  Petroleum  in  1913^  states:  "In 
California  the  railroads  were  the  first  to  absorb  large  quantities 
of  California  oils.  This  legitimate  use  has  become  permanent 
from  lack  of  other  fuel,  and  it  has  extended  to  other  kinds  of 
generation  of  power,  including  marine  transportation  for  ship- 
ments coastwise  and  to  foreign  countries.  A  serious  menace 
to  the  continued  use  of  oil  for  fuel  in  California^  is  the  recent 
change  in  the  character  of  the  crude  oils  of  that  state.  Many 
of  the  new  pools  yield  oils  suitable  for  refining  and  for  the  pro- 
duction of  large  quantities  of  gasolene  and  kerosene.  Up  to  the 
beginning  of  1913,  about  30  per  cent  of  the  oils  of  California 
was  refined  and  the  rest  was  sold  for  fuel  as  crude  or  after 
very  slight  distillation  of  the  lightest  products.  This  practice 
changed  materially  during  1913,  so  that  the  proportion  of  crude 
oil  used  direct  as  fuel  became  reversed,  and,  although  no  accur- 
ate figures  are  available,  70  per  cent  is  about  the  proportion 
of  crude  oil  which  was  refined  during  that  year  before  the  heav- 
ier portions  were  sold  for  fuel.  The  result  of  this,  however, 
will  be  not  to  decrease  the  use  of  oil  for  fuel  but  to  change  the 
method  of  its  application,  particularly  to  the  internal  combus- 
tion engine  burning  kerosene  and  heavier  distillates."  It  is 
another  significant  fact  that  in  1915  the  number  of  producing 
wells  were  increased  but  the  average  yield  per  well  per  day  drop- 
ped from  47  barrels  in  1914  to  39  barrels  in  1915.  Although 
the  petroleum  business  in  California  during  1915  was  poor  and 
the  price  of  oil  13^c  per  barrel  less,  this  has  been  due  largely 
to  the  effects  of  the  war.  For  the  reasons  given  above,  the  price 
will  increase  and  there  will  be  a  greater  demand  for  it  for  steam- 
ship use  incident  to  the  placing  in  full  operation  of  the  Panama 
Canal.  The  writer  is  of  the  opinion  that,  in  so  far  as  Canadian 
railways  are  concerned,  the  economic  advantages  of  fuel  oil 
for  locomotive  use  over  that  of  Canadian  coal  is  more  favour- 
able now  than  will  be  the  case  in  the  future. 


*  Mineral  Resources  of  the  United  States. 
*The  italics  are  the  writer's. 


THE  CARBONIZING  AND  BRIQUETTING  OF  SASKAT- 
CHEWAN LIGNITE 

By  S.  M.  Darijng,  Estevan,  Sask. 

Annual  Meeting,  Ottawa,  1916. 

The  only  native  sources  of  fuel  in  the  southern  portions  of 
Saskatchewan  and  Manitoba  are  rather  extensive  deposits  of 
lignite  along  the  southern  boundary  of  the  former  prov- 
ince. The  inferiority  of  this  fuel  in  its  natural  state  is  evidenced 
by  the  fact  that,  while  only  two  hundred  thousand  tons  are  annually 
mined  of  the  lignite,  two  million  tons  of  eastern  and  western 
coals  are  imported  into  and  consumed  each  year  in  this  terri- 
tory. This  foreign  coal  consists  of  anthracite  and  bituminous 
from  the  United  States,  brought  cheaply  by  water  carriage  to 
the  head  of  the  great  lakes,  and  sub-bituminous  coals  from  the 
eastern  slope  of  the  Rocky  Mountains  in  Alberta.  These  figures 
are  not  large,  comparatively;  but  it  must  be  remembered  that  the 
territory  is  new,  that  practically  every  acre  of  it  is  tillable,  that 
in  wheat-growing  capacity  it  is  not  excelled  anywhere,  that  it  is 
just  beginning  to  be  settled — only  about  ten  per  cent  being  under 
cultivation  to  date — and  that  it  has  a  future. 

The  reason  the  lignite  in  its  natural  state  is  not  able  to  com- 
pete with  these  foreign  coals  is  found  in  some  of  its  physical  and 
chemical  characteristics.    A  large  number  of  samples  averaged: 

Moisture 26.13 

Volatile  hydrocarbons 28. 11 

Fixed  carbon 38 .  16 

Ash 6.86 

Sulphur .74 

This  large  percentage  of  moisture  has  not  been  absorbed 
from  extraneous  sources,  but  is  the  portion  remaining  from  the 
great  amount  of  water  present  in  the  peat  from  which  the  lignite 
was  formed.  The  necessity  for  the  evaporation  of  this  water  in 
the  furnace  is,  of  course,  an  enormous  handicap  upon  this  fuel. 
When  the  lignite  is  mined  and  exposed  to  warm  air  and  sunlight, 
the  evaporation  of  the  water  causes  the  coal  to  disintegrate  or 
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slack  very  rapidly;  it  also  fires  quickly  from  spontaneous  com- 
bustion; hence  it  is  not  practicable  to  ship  it  long  distances  or 
to  store  it.  Its  light  gases  distil  before  the  fixed  carbon  reaches 
the  temperature  of  ignition  and,  in  ordinary  furnaces,  escapes 
unconsumed.  The  lignite  has  no  'coking'  quality  whatever,  and 
when  thrown  onto  the  fire  crumbles  very  quickly,  giving  rise  to 
difificulties  in  firing  and  substantial  loss  through  the  grate  bars. 
The  lignite  is  purchased  by  the  consumer  only  for  immediate 
use;  hence  the  mines  are  able  to  operate  to  capacity  for  only 
three  to  four  months  each  year,  being  practically  closed  during 
the  summer. 

The  endeavour  therefore  has  been  to  improve  the  market- 
ability of  the  lignite,  following  the  German  practice  of  briquet- 
ting  the  lignite,  and  the  American  practice  of  briquetting  the 
slack  produced  in  mining  and  handling  bituminous  and  anthra- 
cite coals.  The  Government  of  the  Province  of  Saskatchewan, 
learning  of  some  work  that  the  writer  had  been  doing  privately  in 
Chicago  in  this  connection,  retained  him  to  test  the  Saskatchewan 
lignite  on  a  commercial  scale.  A  detailed  report  of  these  tests 
has  been  published;  and  in  this  paper,  the  writer  merely  sum- 
marizes the  results  obtained  and  deduces  some  conclusions  there- 
from. 

Dried  Lignite. — The  lignite,  dried  and  pulverized  to  an  im- 
palpable powder — the  finer  the  better — with  its  high  percentage 
of  volatile,  makes  a  splendid  powdered  fuel  for  cement  kilns, 
boilers  of  the  Bettington  type,  and  kindred  uses.  It  is  believed 
also  that  it  will  serve  admirably,  with  a  properly  designed  com- 
bustion chamber,  as  a  railway  locomotive  fuel.  This  latter  use, 
however,  has  not  been  demonstrated.  The  dried  lignite  crushed 
to  a  suitable  size,  serves  very  well  on  automatic  stokers  of  the 
Riley  or  Taylor  underfeed  type. 

Dried  Lignite  Briquettes. — Dried  lignite,  by  incorporating 
therewith  six  to  seven  per  cent  coal  tar  or  petroleum  pitch  and 
seven  to  eight  per  cent  of  coking  coal,  makes  a  briquette  which 
in  actual  boiler  tests  has  proved  equal  to  Alberta  coals.  These 
briquettes  stand  shipping  and  storage.  They  can  be  put  on  the 
cars  at  the  mines  in  Saskatchewan  for  about  the  same  price  as 
Alberta  coals  at  the  mines.  They  will  in  time  share  the  Sas- 
katchewan  and   Manitoba   market  with   the  Alberta  coals  as 
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furnace  fuel,   to  the  exclusion  of  bitumimous  coals  from   the 
United  States. 

Carbonized  Lignite. — It  seems  probable  that  the  way  in 
which  this  lignite  will  be  mostly  used  will  be  in  the  carbonized, 
or  charcoal  state,  utilizing  thu  gas,  ammonia  compounds, 
licjuid  hydrocarbons,  and  residual  carbon  or  charcoal  or  coke  in 
the  various  ways  for  which  they  are  adapted.  On  being  car- 
bonized the  lignite  does  not  'coke'  in  the  sense  that  bituminous 
coal  cokes;  it  crumbles,  and  this  makes  possible  a  compara- 
tively inexpensive  continuous  carbonizing  process  in  which 
labour  is  almost  entirely  replaced  by  mechanical  apparatus. 
This  carbonized  lignite  is  screened  into  two  parts,  fines  and 
half-inch  lumps.  The  latter  is  practically  a  dense  charcoal.  It 
is  an  ideal  gas  producer  fuel  where  the  gas  is  used  for  power 
purposes.  There  is  no  trouble  with  tar,  which  is  eliminated 
in  the  carbonizing  process.  This  lignite  carbon  produces  as 
much  gas  pound  for  pound  as  the  Pennsylvania  'pea'  anthracite 
customarily  used.  It  can  be  supplied  at  half  the  price.  These 
facts  have  been  demonstrated  by  the  operation  for  a  year  past 
of  a  one-hundred  horse  power  gas  producer  plant  at  Regina, 
using  carbonized  lignite.  For  this  purpose  it  will  gradually 
supplant  the  'pea'  anthracite  in  the  two  provinces. 

The  carbonized  lignite  'fines'  require  to  be  briquetted.  Mixed 
with  six  to  seven  per  cent  of  coal  tar  or  petroleum  pitch  and  seven 
to  eight  per  cent  of  coking  coal  and  moulded  into  briquettes 
weighing  two  to  three  ounces,  an  excellent  household  fuel  is 
produced.  In  this  rigorous  climate  the  demand  for  household 
fuel  is  exceptionally  large.  In  addition  to  the  western  coal  so 
utilized,  it  is  estimated  that  at  least  half  a  million  tons  of  Penn- 
sylvania anthracite  are  annually  consumed  in  Manitoba  and 
Saskatchewan,  at  prices  ranging  from  $10.50  per  ton  in  Winni- 
peg to  $15.00  per  ton  in  western  Saskatchewan.  The  carbonized 
lignite  briquettes  compare  with  the  anthracite  in  the  ratio  of 
eleven  to  twelve.  They  have  the  advantage  of  being  service- 
able alike  in  heating-furnaces  and  stoves,  fireplaces  and  kitchen 
ranges.  They  can  be  marketed  profitably  at  a  price  not  greater 
than  two-thirds  the  prices  of  the  anthracite,  and  will  gradually 
oust  it  from  the  major  portion  of  this  market.  The  ammonia 
will  be  marketed  in  the  form  of  sulphate,  for  which   fertilizer 
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in  this  great  agriculture  region  there  is  certain  to  be  a  heavy 
demand.  The  oils  or  tars  will  be  distilled  and,  at  first,  the 
lighter  oils  marketed  as  fuel  oil,  the  creosote  and  anthracene 
fractions  used  for  creosoting  timbers,  and  the  pitch  as  a  binder 
for  the  briquettes.  Later,  it  is  quite  possible  that  a  dye-stuff 
and  chemical  industry  will  be  founded  on  these  lignite  hydro- 
carbons. The  gas  contains  about  sixteen  per  cent  of  carbon- 
dioxide  and  hence  if  used  for  illuminating  purposes  must  be 
burned  in  a  mantle.  It  has  400  to  450  British  thermal  units 
per  cubic  foot.  It  is  very  serviceable  for  fuel  and  power,  and 
will  be  devoted  to  these  uses.  In  carbonizing,  about  6,000  of 
the  10,000  cubic  feet  of  gas  produced  per  ton  is  used  as  oven 
fuel  to  carry  on  the  process,  leaving  4,000  cubic  feet  per  ton  of 
a  surplus.  By  using  this  surplus  gas  in  a  gas  engine,  with  a 
generator,  electrical  current  can  be  put  on  the  switchboard  at 
a  cost  comparable  with  Niagara  hydro-electric. 

With  four  carbonizing,  briquetting  and  power  distributing 
plants  near  the  larger  centres  of  population,  such  as  Brandon, 
Regina,  Moose  Jaw,  Weyburn,  Estevan,  and  Swift  Current, 
in  conjunction  with  the  Winnipeg  hydro-electric,  practically  all 
the  southern  or  more  populous  portions  of  the  two  provinces 
can  be  reached  by  power  lines  within  the  comparatively  short 
radius  of  seventy-five  miles.  The  lignite  would  be  dried  at  the 
mines  and  shipped  to  the  several  carbonizing  and  power  plants. 
The  bulk  of  the  power  would  be  used  locally  by  the  cities  above 
named.  Power  lines  would  radiate  from  each  plant  to  serve 
the  tributory  territory,  and  the  briquettes,  for  which  also  the 
local  market  would  be  the  principal  one,  would  be  distributed 
by  rail  from  the  respective  plants  to  local  consumers. 

While  the  extent  and  productivity  of  the  grain-growing 
areas  of  Saskatchewan  and  Manitoba  represent  assets  of  enor- 
mous value,  the  Provinces  possess  in  addition  vast  potential 
resources  in  these  billions  of  tons  of  lignite,  affording,  when 
properly  utilized,  an  almost  inexhaustible  source  of  heat,  light, 
power,  fertilizer,  dyes,  creosoting  oils  and  other  hydro-carbon 
by-products,  and  which  can  and  will  be  made  the  bases  of  im- 
portant industries. 


MINE  CAR  DESIGN 
By  Marcus  L.  Hyde,  Evansburgh,  Alberta 

Rocky  Mountain  Branch,  July  Meeting,  1916. 

Restrictions,  imposed  by  both  legislation  and  labour,  have 
so  hedged  in  the  mining  industry  that  but  little  opportunity 
exists  for  further  reducing  costs.  Haulage  is  probably  the  most 
vulnerable  point  open  to  attack;  and  the  mine  car,  the  chief 
item  in  this  department,  deserves  particular  attention.  A  mine 
of  moderate  capacity  installing  motor  haulage  will  have  from 
$15,000  to  $30,000  invested  in  cars  having  a  life  of  three  to 
eight  years.  The  wide  variation  in  design  is  proof  conclusive 
that  but  little  thought  has  been  given  their  standardization. 

Manufacturers  claim  a  standard  car  is  not  feasible  and 
operators  have  in  most  instances  been  strongly  influenced  in 
their  choice  by  the  experience  of  immediate  neighbours.  Under 
these  conditions  it  is  no  wonder  cars  are  excessively  high  both  in 
first  and  maintenance  costs.  In  the  writer's  belief  mine  cars  can 
be  standardized  for  most  mines  where  motors  are  practicable. 
Two  gauges,  32  inches  and  42  inches,  should  cover  all  require- 
ments; and,  when  all  the  factors  are  considered,  personal  pre- 
judices rejected,  and  approved  details  accepted,  it  will  be  found 
that  the  range  in  shape  and  size  to  meet  different  local  features 
will  not  be  such  a  formidable  one.  Both  the  manufacturer  and 
operator  would  be  benefitted  were  cars  standardized ;  the  former 
would  benefit  by  the  increase  in  sales  of  a  better  product — the 
operator  by  the  lower  costs,  longer  life,  higher  salvage  value,  and 
ease  in  obtaining  repairs  of  cars. 

CAR  DESIGN   IN   DETAIL 

In  working  towards  a  standard  design  strength  and  sim- 
plicity are  paramount;  and  great  care  must  be  exercised  that  the 
introduction  of  refinements  is  not  overdone.  The  ratio  of  dead 
to  live  load  must  be  a  minimum.  Overall  dimensions  of  the  car 
body  should  not  exceed  eleven  feet  in  length,  six  feet  in  width, 
and  three  and  one-half  feet  in  height  above  the  rail.     The  limit 
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in  capacity  should  be  four  tons.  Motors  gather  and  deHver  a 
large  car  to  the  tipple  in  the  same  time  taken  for  a  small  one. 
Increasing  the  car  capacity  therefore  increases  the  tonnage  per 
trip,  the  capacity  of  storage  tracks,  and  the  capacity  of  locomo- 
tives. The  draw  bar  pull  does  not  increase  in  ratio  with  the 
capacity;  hence  the  power  required  to  move  the  cars  is  propor- 
tionately reduced.  In  motor  gathering  the  earnings  of  a  loader 
depend  on  the  schedule  of  the  motor;  he  naturally,  therefore,  pre- 
fers the  large  car  when  paid  on  a  tonnage  basis.  The  success  of 
the  mechanical  loader  of  the  future  will  rest  on  this  principle.  It 
is  obvious  that  the  capacity  should  approach  as  near  the  limiting 
four  tons  as  the  conditions  will  permit.  Mines  paying  on  a 
screened  coal  basis  unfortunately  are  restricted  in  the  size  of 
car  they  adopt  to  two  tons;  the  six  by  twelve  feet  bar  screen  being 
unable  to  handle  a  greater  mass  at  one  time. 

Before  going  into  details,  let  us  study  the  shocks  a  car  must 
resist.  Of  all,  the  dumping  strains  imposed  by  a  horn  dump  are 
worst.  The  car  is  suddenly  stopped  by  its  front  wheels,  thrown 
to  an  angle  of  fifty  degrees,  then  dropped  back.  The  wrack  on 
truck,  truckbolts,  and  entire  body  is  tremendous.  Truck  bolts 
are  loosened,  play  accumulates  between  trucks  and  bottom,  the 
bottom  shakes  loose  from  sides,  and  a  ruined  car  is  the  eventual 
result.  In  starting,  a  heavy  car  is  wracked  from  end  to  end, 
especially  if  waste  play  be  permitted  in  coupling  links.  In 
stopping  suddenly,  cars  bump  together  and  there  is  a  severe 
tendency  to  buckle  the  bottom;  the  load  keeps  moving  which 
results  in  both  the  body  and  the  end  gate  being  wracked — par- 
ticularly the  latter  when  not  rigidly  fastened.  In  going  around  a 
curve  there  is  an  inward  thrust  against  the  wheel  flange  which 
must  be  taken  up,  and  the  life  of  a  car  depends  to  a  great  extent 
on  how  this  is  done. 

The  shocks  above  described  may  best  be  cared  for  in  the 
following  manner:  Dumping  strains: — by  abandoning  the  horn 
dump  or  permitting  only  the  spring  type.  Starting  shocks:  by 
equipping  cars  with  spring  draw-bars.  Stopping  and  bumping 
shocks:  by  a  strong  oak  bottom.  Inward  thrust  of  curved  rail  on 
flanges:  by  use  of  a  properly  designed  wheel.  Where  the  wheel 
flange  strikes  a  curve,  the  wheel  is  canted  over;  the  resulting 
strains  should  as  far  as  possible  be  absorbed  in  the  truck  itself, 
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not  transferred  to  the  car  bottom.  Again  the  wheel  hub  should 
not  be  permitted  to  first  strike  the  end  of  the  journal.  The 
Whitney  truck  is  a  very  popular  type  in  the  United  States. 
Under  curve  conditions  the  inside  of  the  wheel  cap  of  this  truck 
comes  in  contact  with  the  end  of  the  axle — where  both  wear  and 
friction  is  a  minimum — pushing  it  through  both  journals  until 
its  collar  strikes  the  journal  on  the  far  side.  The  frictional  re- 
sistance of  sliding  caused  by  the  weight  of  the  car  absorbs  this 
impact,  which  would  otherwise  travel  from  the  wheel  hub 
through  the  journal,  direct  to  the  car  bottom.  If  the  hub  is  per- 
mitted to  transfer  this  strain  in  full  to  the  journal,  the  wear  on 
both  soon  becomes  serious,  side  play  accumulates  journals, 
funnel,  and  wheels  wobble. 

CAR   BOXES* 

Wooden  boxes  depend  for  their  stiffness  on  tough  wood, 
binder  irons,  and  bolts.  As  soon  as  a  car  is  put  in  the  mine,  the 
wood  starts  shrinking,  rotting,  and  wearing  away  from  abrasion ; 
bolts  work  loose,  lost  motion  permits  journals  to  play,  and  cars 
to  jump  the  track.  After  one  or  two  such  accidents  the  bottom 
sags,  bumpers  ride,  and  rebuilding  becomes  necessary.  Paint 
neither  preserves  nor  protects;  abrasion  cuts  it  away  as  fast  as 
applied. 

Sheet  steel  boxes  on  oak  bottoms  have  so  far  proven  superior 
to  any  other  combination.  The  sides  should  be  made  up  of  three 
separate  sheets  so  fastened  that  they  may  be  easily  and  quickly 
removed  and  straightened  in  case  of  damage.  Bottom  side 
plates  should  be  of  3^-inch  steel  and  flanged.  These  act  as 
beams  to  support  the  wooden  bottom  and  prevent  it  from  sag- 
ging. The  side  plate  flanges  on  the  car  bottom  serve  as  axle 
straps  to  hold  the  axles  parallel  and  rigid,  thus  maintaining 
the  efficiency  of  the  journals  and  avoiding  running  strains  on  the 
body.  They  further  facilitate  a  free  flow  of  coal  along  the  bot- 
tom. By  making  these  plates  stiff  the  necessity  of  binder  irons, 
other  than  one  at  the  centre  and  ends,  is  done  away  with.  Flare 
plates  should  be  of  A  inch  steel,  should  barely  clear  the  wheel 
flange,  and  should  lay  on  an  angle  of  16  to  17  degrees.     The  top 


*  Figs.  1,  2,  3  and  4. 
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plates  should  be  of  A  inch  steel,  rolled  on  top, for  stiffness  and  to 
give  a  smooth  edge  for  holding  on  to.  The  back  plate  should  be 
of  A  inch  steel ;  rolled  on  top  for  stiffness  and  reinforced  on  out- 
side with  two  vertical  angles.  Rivetted  stiffeners,  fillers,  angles, 
etc.,  are  objectionable;  and  a  flanged  connection  is  preferable  in 
every  case.  Binder  irons  at  the  front  of  the  gate  type  car  should 
be  tied  across  the  car  top  by  a  two-inch  pipe  spanner.  This  acts 
as  a  strut  in  case  of  a  side  blow,  thus  causing  both  sides  to  resist 
the  strain,  instead  of  one.  Boxes  should  not  permit  of  leakage, 
should  offer  no  resistance  to  flow  of  coal,  or  encourage  damp 
slack  to  cake;  they  should  be  free  also  of  all  outside  projections 
that  could  possibly  scratch  or  catch  a  passer-by.  All  bolts  should 
have  grip  nuts  similar  to  those  made  by  the  Grip  Nut  Company 
of  St.  Johns,  N.B.  Each  body  should  be  numbered  in  large  white 
figures.  A  substantial  check  hook  is  needed  that  will  permit  of 
a  check  being  hung  on  the  outside  of  the  gate,  and  yet  prohibit 
its  removal  by  any  other  than  the  authorized  person.     Those 
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made  by  the  Mines  Otolok  Check  Company  of  Pittsburgh, 
Penna.,  are,  in  the  writer's  opinion,  amongst  the  most  satisfactory 
in  the  market. 

The  soHd  box  car  is  preferable  wherever  its  use  is  practicable. 
Initial  and  upkeep  costs  are  less;  the  life  is  longer;  the  car  is  not 
so  subject  to  distortion  from  strains  imposed  by  a  tendency  of  the 
load  to  continue  its  forward  travel  after  a  sudden  stop,  there  is 
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no  leakage,  and  the  capacity  is  greater  for  a  given  width.  The 
rotary  dump  is  easier  on  both  car  and  coal ;  so  much  is  this  the 
case,  except  in  shaft  mines,  that  the  installation  of  horn  dumps 
is  inexcusable.  In  shaft  mines  the  advantage  of  self-dumping 
cages  is  conceded  by  most  authorities  and  these  require  a  car 
with  an  end  gate.  A  lift  gate  is  quicker  and  safer  than  the  hinged 
gate  held  by  latches  that  must  be  shut  by  either  trip-maker  or 
loader.  Many  serious  wrecks  have  been  caused  by  gates  not 
being  properly  latched  and  by  coupling  pins  not  being  forced 
home.  A  good  lift  gate  must  be  rigid,  as  near  non-leakable  as 
possible;  certain  to  reseat  after  dumping;  and,  where  used  on  an 
incline  with  the  gate  at  the  lower  end,  so  designed  that  the  weight 
of  the  coal  cannot  force  it  open. 

Bumpers 

Radial  faced  centre  bumpers  permit  of  stronger  construction 
than  the  double,  and  distribute  forces,  incident  to  bumping,  over 
the  entire  car  bottom,  thus  reducing  the  tendency  to  twist  the 
car  out  of  shape.  Double  bumpers  transfer  such  forces  along 
the  sides,  thus  tending  to  jar  the  bolts  loose  and  distort  the  car. 

The  bumpers  should  overhang  sufficiently  to  prevent  the 
corners  of  the  cars  from  interfering  on  the  sharpest  curves,  and 
should  be  so  designed  that  there  can  be  no  risk  of  their  riding  an 
opposing  bumper,  not  even  when  pushing  a  trip  of  loads  around 
a  curve  with  an  empty  near  the  motor. 

A  good  coupling  must  permit  of  the  connecting  up  of  the 
cars,  when  either  jammed  or  free,  on  curve  or  tangent.  The 
coupling  should  be  done  quickly,  easily,  without  risk  of  pinching 
the  fingers,  and  with  certainty  of  a  positive  hold.  It  must  not 
hang  down  over  the  bumpers  so  as  to  constitute  the  danger  of 
fouling  in  frogs  or  switches.  It  must  not  permit  of  more  waste 
play  than  is  absolutely  necessary  to  enable  a  connection  being 
made  on  a  curve;  every  inch  of  waste  play  per  car  in  a  trip  of 
thirty  or  forty  is  the  cause  of  heavy  jerking  both  in  starting  and 
stopping,  which  is  very  hard  on  the  cars,  motor,  and  power  plant. 
Both  the  coupling  and  the  pin  should  be  positively  fastened  to 
the  car,  (as  in  Fig.  5),  in  such  a  way  that  neither  can  cause 
trouble  nor  become  lost. 
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Fig.  5. 


Spring  draw-head  couplers  similar  to  those  used  in  railroad 
practice  are  expensive,  heavy,  require  a  steel  bottom,  and  cannot 
be  recommended.  Automatic  couplers  work  satisfactorily  only 
on  easy  curves,  where  the  tracks  are  in  good  condition  and  where 
changes  in  grades  are  gradual.  They  also  require  a  steel  bottom 
car  and  are  very  expensive.  Mine  tracks  are  seldom  graded  in 
rooms  or  in  fresh  development  work  and  changes  in  grade  are 
often  abrupt ;  requiring  a  wide  range  of  elasticity  in  a  coupling  to 
take  care  of  the  vertical  and  transverse  movements  at  the  end 
of  the  car;  the  clearance  permitted  by  an  automatic  coupler  is 
hardly  sufficient.  Three  link  couplings  are  satisfactory  only  with 
double  bumper  cars.  With  such  bumpers,  and  a  hooked  or  pin 
draw-bar,  rapid  connections  are  made.  They  drag  when  not 
hung  to  the  car-end,  and  like  lift  gates  the  avoidance  of  wrecks 
becomes  dependent  on  the  human  element.  With  centre  bumpers 
they  interfere  and  with  motor  gathering  are  a  general  nuisance. 
Hooked  draw-bars  require  two  inches  more  play  than  any  other 
type  to  make  a  coupling,  are  not  positive,  and  therefore  should 
be  condemned. 

The  single  link  coupling,  forming  part  of  a  spring  draw-bar 
and  engaging  with  the  pin  on  the  opposite  car,  offers  the  best 
design.  It  has  but  one  disadvantage:  the  link  projects  for  eight 
or  nine  inches  behind  the  car.  Of  course,  it  may  easily  be  pushed 
to  either  side  and  left  lying  on  the  bumper;  the  clearances  must 
be  such,  particularly  in  shaft  mines,  that  if  this  is  overlooked 
trouble  will  not  result.  The  coupling  shown  in  Fig.  1,  rides  on 
a  2"  X  3/^"  flat  bar,  which  keeps  it  from  interfering  with  the  oppos- 
ing bumper  and  avoids  the  risk  of  fingers  being  hurt. 
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The  hole  in  the  bumper  for  the  pin  accommodation  should 
be  funnelled  at  the  bottom  to  avoid  wet  slack  clogging  it  up. 
Pins  should  have  a  good  handle;  often  considerable  force  is 
needed  to  dislodge  or  set  them.  A  chain  connecting  the  pin  to 
the  car  is  a  make-shift,  and  like  all  flimsy  material,  is  to  be  con- 
demned. 

DRAW   BARS* 

With  rigid  connections  from  40  to  100  per  cent  more  power 
is  required  to  start  a  trip  than  to  keep  it  moving.  A  motor's 
capacity  is  limited  by  the  load  it  can  start;  for  effective  work  a 
spring  pull  is  imperative.  It  protects  both  car  and  motor  and  in- 
creases the  capacity  of  the  latter  at  least  50  per  cent  from  the  fact 
that  the  spring  acting,  as  an  equalizer,  eliminates  a  dead  pull  of 
the  gross  weight.  The  draw  bar  bolted  to  the  car  bottom  with 
the  spring  link  at  the  closed  end  of  the  car,  (as  shown  in  Fig.  1) 
is  the  best  form  of  construction.  Cars  are  invariably  sent  to 
the  face  with  the  closed  end  inbye;  loaders  thus  throw  their  coal 
towards  the  gate  end,  which  leaves  the  spring  protected  and  at 
a  point  where  it  does  not  interfere  between  the  car  bumper  and 
the  dump  hopper  when  in  the  dumping  position. 

TRUCKS 

Loose  wheels  are  preferable  to  tight  ones.  The  latter  re- 
quire a  very  short  wheel  base  for  sharp  curves ;  their  axles  can  be 
straightened  only  with  the  greatest  difficulty;  and  in  no  way  do 
they  offer  points  of  superiority  over  a  well  designed  loose  wheel. 

The  smaller  the  diameter  of  a  wheel,  the  greater  the  car's 
capacity  for  a  given  height  of  box,  and  the  lower  the  centre  of 
gravity  of  the  moving  mass;  thus  reducing  a  tendency  of  the  car 
to  jump.  On  the  other  hand,  the  larger  the  wheel  and  the  greater 
the  ratio  of  wheel  to  axle  diameter,  the  lower  the  frictional  re- 
sistance and  greater  the  strength.  Experience  only  can  dictate 
the  happy  medium. 

The  friction  of  a  good  roller  bearing  wheel  should  run  from 
20  to  25  lb.  per  ton  of  load  when  starting  the  trip;  and  10  to  12 

*See  Figs.  1  and  2. 
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lb.  per  load  when  it  is  in  motion  on  a  level  grade.  Bushed 
wheels  will  require  approximately  double  these  figures.  The 
rolling  stock  is  thus  ensured  of  a  longer  life,  and  the  generators 
are  not  called  upon  to  do  the  same  amount  of  work.  A  roller 
bearing  wheel  uses  non-fluid  grease;  thus  the  tracks  are  kept  free 
from  the  excess  oils  which  leak  through  many  other  types, 
causing  trouble  with  motors,  and  unnecessary  waste. 

The  life  of  an  iron  wheel  depends  on  its  diameter,  hardness 
of  hub,  toughness  of  spokes  and  depth  of  chill.  It  should  be 
made  up  of  a  minimum  number  of  parts,  and  should  be  grease 
tight.  Where  the  axle  is  allowed  to  protrude  through  the  hub, 
grease  can  work  out  and  grit  work  in.  It  should  be  free  of  washers, 
felt,  springs,  removeable  caps  and  other  parts  that  so  easily  be- 
come loose,  lost,  leaky  and  inefficient.  It  should  not  wear  in 
the  hub  nor  break  at  the  flanges — the  cause  of  many  a  wreck. 
Another  point — treads  must  have  sufficient  width  and  flanges  of 
the  proper  form  that,  when  taking  curves  with  rails  spread  from 
3^"  to  1",  the  danger  of  track  jumping  will  be  reduced  to  a 
minimum. 

Before  committing  oneself  to  a  roller  bearing  truck  a  careful 
study  of  the  Hadfield  wheel  is  warranted.  This  is  a  self-oiling, 
toughened  cast  steel  wheel,  exceptionally  strong  and  very  light. 
A  set  of  16-inch  wheels  on  23/^  inch  axles,  with  a  42  inch  gauge, 
weighs  455  lb.,  as  against  880  lb.  for  the  roller  bearing.  This 
wheel  also  uses  a  non-fluid  grease,  is  capless,  has  a  long  life,  holds 
to  a  rough  or  uneven  rail  better  than  the  iron,  and  will  not  break. 
The  wheel-base  should  be  from  a  quarter  to  a  third  of  the  length 
of  the  car  body.  A  wide  base  lends  stability  to  the  bottom  and 
keeps  the  car  from  jumping  off  the  track.  It  is  harder  to  re-rail 
a  long  wheel-base  car  that  is  derailed,  and  it  requires  easier  curves 
for  its  accommodation ;  consequently,  here,  as  with  the  diameter 
of  wheels,  a  practical  medium  must  be  chosen. 

A  good  truck  journal  should  be  of  metal  tough  enough  to 
resist  the  tendency  to  funnel;  should  be  a  one  piece  casting; 
should  protect  the  wheel  from  grit ;  should  have  a  broad  bearing 
on  the  car  bottom,  two  and  one  half  times  the  axle  diameter,  and 
be  removed  easily.  Outside  journals  are  expensive  and  do  not 
readily  lend  themselves  to  mine  car  construction.  The  rigid  type 
has  nothing  to  commend  it,  and  the  spring  pedestal  only  the  ad- 
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vantages  of  holding  the  wheels  to  the  track  and  permitting  loose 
wheels  to  take  curves  with  greater  ease;  these  features  are  better 
cared  for  by  the  wooden  bottom  and  medium  base.  Each  truck 
should  be  fastened  across  the  car  bottom  by  a  channel  and  the 
two  channels  fastened  to  one  another  by  axle  straps,  axles  are 
then  held  true  and  the  running  strains  absorbed. 

BRAKES* 

The  brake  should  lock  each  wheel  to  which  it  is  applied; 
should  be  simple  in  design;  easily  adjusted;  require  no  extra 
clearance;  should  not  interfere  with  the  horns  on  the  cage  or 
dump;  should  not  reduce  the  capacity  of  the  car;  should  not  be 
exposed  to  any  damage;  and,  lastly,  should  have  removable 
shoes  so  suspended  that  they  tend  to  fall  clear  of  the  wheel  when 
released,  (as  in  Fig.  1.) 


Fig.  6 — ^A  brake  with  shoes  tending  to  bind. 


The  brake  lever  should  be  on  the  left  side  of  the  rear  end 
of  the  car  and  be  so  arranged  that  a  man  while  standing  or  run- 
ning may  balance  himself  against  the  car  side  with  his  left  hand 
and  pull  outwardly  with  his  right.  The  movement  should  never 
be  up  nor  down,  nor  an  inward  push.  A  trip-maker  can  hurt 
himself  most  easily  on  either  an  up  or  down  movement,  and  is 
almost  certain  to  be  maimed  if  he  slips  when  pushing  on  a  lever 
between  moving  cars.     The  lever  should  be  near  the  edge,  and. 


♦See  Figs.  6,  7  and  8. 
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should  have  a  short  throw  with  an  eccentric  travel  forcing  the 
handle  to  move  in  a  horizontal  path;  not  through  an  arc  rising 
towards  the  roof  with  the  danger  of  interference  in  low  places. 

With  motor  haulage,  conditions  seldom  arise  where  it  is 
necessary  to  apply  a  brake  to  more  than  two  wheels.    On  a  prop- 


FiG.  7. 

erly  designed  shaft  bottom  or  tipple,  brakes  are  not  required. 
In  rooms  where  cars  are  handled  by  the  loader  it  is  often  desirable 
to  have  a  brake,  (as  shown  in  Fig.  7),  on  one  wheel  to  avoid 
spragging. 

check  hooks 

The  check  hook  should  go  on  the  front  end  of  car,  and  be 
close  to  the  right  hand  top  side,  if  horn  or  rotary  dumps  are  in 
use,  or  at  the  centre  if  these  be  self-dumping  cages.  Checks 
should  be  hooked  on  the  outside.  With  a  properly  designed  hook, 
it  is  just  as  difficult  to  steal  from  the  outside  as  from  the  inside. 
An  outside  check  tends  towards  cleaner  coal;  foremen,  haulage 
men,  and  weighers  are  in  touch  with  the  loads  and  an  unusual 
one  is  more  apt  to  be  noted  and  the  check  number  taken.  Close 
to  the  hook  should  be  the  car  number  in  large  white  figures.  By 
keeping  record  of  these  numbers  loaders  can  protect  themselves 
against  their  checks  being  tampered  with  or  lost. 

clearance 

Mines  shipping  domestic  coal  require  a  greater  clearance 
.between  top  of  the  car  and  the  roof  than  those  supplying  a  steam 
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or  coke  market.  For  domestic  trade,  when  the  seams  are  60 
inches  or  more  in  thickness,  a  car  should  not  exceed  40  inches  in 
height.  The  loader  will  lift  large  lumps  to  that  height  rather 
than  reach  for  his  pick  and  thereby  lose  time  in  breaking  them. 
The  length  of  a  car  is  governed  by  shaft  clearances  and  track 
curves,  rather  than  by  conditions  at  the  face.  With  a  good  roof, 
loaders  invariably  prefer  two  cars  at  a  time.     This  proves  that  a 
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Fig.  8. 


throw  of  12  to  14  feet  is  not  excessive.  Where  practicable,  it  is 
well  to  have  the  car  box  long  enough  to  hold  mine  props;  this 
materially  simplifies  the  delivery  of  timber  to  the  face. 


SPARE   SUPPLIES 


In  placing  orders  for  new  car  equipment  it  is  well  to  stock 
the  following  supplies  for  each  100  cars  contracted  for:  12  links; 
24  pins;  6  draw  bar  springs;  6  draw  bars;  6  bottom  side  plates; 
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6  journals;  6  wheels;  48  rollers,  with  roller  bearing  wheels;  12 
bushings  or  cages,  with  roller  bearing  wheels;  6  locking  pins, 
with  roller  bearing  wheels;  6  brake  shoes;  1  barrel  car  paint;  1 
400-lb.  barrel  roller  bearing  grease;  and  1  large  capacity  grease 
gun.  Cars  for  the  transportation  of  rails  and  timber,  those 
fitted  with  hose,  reel,  and  pump  for  fire  fighting,  the  sand  car, 
the  rescue  car,  and  also  water-tank  and  tool  cars,  should  be 
modelled  after  the  same  design. 

LIFE   AND   COSTS 

The  life  of  a  wooden  car  is  about  three  years,  and  of  a  steel 
car  from  eight  to  ten  years. 

The  estimated  cost  for  a  two  ton  capacity  car  may  be  given 


as: 


Wooden  box  complete  with  irons $30 .  00 

Steel  box  complete 60 .  00 

Roller  bearing  truck 40 .  00 

On  the  above  assumptions  the  fixed  charges  are: 

WOODEN   CAR 

Depreciation  on  box.  .  .  33  ^% of  $30.00 $10.00 

"    truck..  12 3/^%  "    40.00 5.00 

Repairs  on  box 25%  "    30.00 7 .  50 

"truck 10%  "    0.00 4.00 

Oiling  and  oil 75 

Amortization 8.72%"    70.00 6.10 


Total  fixed  charge $33 .  35 


STEEL   CAR 


Depreciationon  whole..  12 J^% of  $100.00 $12.50 

Repairs  and  painting.  ..10     %  "     100.00 10.00 

Oiling  and  oil 75 

♦Amortization 8.72%"    100.00 8.72 


Total  fixed  charge $31 .97 


*The  amortization  reserve  is  based  on  the  redemption  of  the  capital , 
-including  6%  interest,  in  twenty  equal  annual  instalments. 
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The  fixed  charges  are  slightly  in  favour  of  the  steel  car,  not- 
withstanding that  its  initial  cost  is  43%  greater  than  the  wooden 
one.  The  steel  body  is  tight  at  the  joints;  permits  but  little 
leakage;  stands  up  to  abrasion;  permits  larger  capacities;  greater 
speeds;  and  will  undergo  shocks  that  would  quickly  send  a  wooden 
car  to  the  scrap  heap. 


THE  RELATION  OF  THE  SIZE  OF  THE  CAR  AND 

GAUGE  OF  THE  TRACK  TO  THE  ECONOMIC 

WORKING  OF  A  COAL  SEAM. 

By  James  Holden,  Drumheller,  Alberta 

Rocky  Mt.  Branch,  October  Meeting,  1916. 

The  author  proposes  to  discuss  in  this  paper  the  many  as- 
pects that  should  be  taken  into  consideration  befpre  any  definite 
type  of  car  is  chosen. 

The  size  of  the  mine  car,  its  shape,  construction  and  weight, 
together  with  the  track  gauge  have  most  important  economical 
bearing  on  the  successful  working  of  a  coal  property. 

The  paramount  idea  in  designing  a  mine  car  is  undoubtedly 
to  transport  the  maximum  amount  of  material  at  a  minimum  cost. 
Therefore,  with  this  end  in  view,  the  design  of  the  car  must  be 
such  that  under  a  given  height,  pitch,  and  other  local  condi- 
tions, it  can  be  moved,  loaded  and  controlled  economically  with 
safety.  The  chief  phases  to  be  considered  are:  roof  conditions, 
friability  and  fragility  of  the  coal,  height  and  pitch  of  the  seam, 
condition  of  the  mine  as  to  it  being  a  wet  or  dry  one,  local  fault- 
ing, and,  last  by  not  least,  market  demand. 

Having  regard  to  the  desideratum  of  moving  material  as 
cheaply  as  possible  there  has  been  a  tendency  to  advocate  the 
use  of  large  steel  cars  and  heavy  rails.  But  it  must  be  borne  in 
mind  that  extremes  very  often  defeat  their  object.  The  car 
must  finally  be  handled  at  the  working  face,  where  heavy  cars 
and  rails  in  the  more  or  less  confined  space  are  bound  to  be  un- 
wieldy. Along  main  haulage  roads  that  are  well  lined,  dry,  and 
ballasted  they  are  a  success.  Derailments  are  few;  these,  and 
any  that  may  occur,  are  quickly  rerailed  by  the  motive  power 
and  replacers.  "The  ultimate  economy  of  an  operation  is  max- 
imum efficiency;"  therefore,  every  phase  of  the  operation  must 
be  inquired  into.  It  is  at  the  working  face  that  the  coal  is  loaded 
to  keep  the  main  haulage  working  at  full  capacity.  The  supply 
of  empties  must  be  maintained  regularly.  Any  delay  here  is  vital, 
since  no  matter  how  fast  one  can  speed  up  a  haulage  to  over- 
come a  congestion,  the  efforts  of  the  loader  cannot  be  made  any 

(242) 
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greater:  he  is  a  fixed  and  inflexible  factor,  refusing  to  rush.  Also, 
it  is  at  the  face  that  derailments  are  most  likely  to  occur.  The 
tracks  here  are  more  or  less  insecure.  Thus  through  insufficient 
ties  or  unskillful  tracklaying,  lack  of  fishplates  or  some  other 
minor  defect,  the  car  is  subject  to  derailment.  Replacers  and 
motive  power  are  only  to  be  found  on  the  main  roads;  therefore, 
help  must  be  sent  for  and  obtained  from  the  neighbouring 
places.  Before  the  car  can  again  be  rerailed  many  minutes 
must  elapse,  and  the  working  places  of  those  who  are  assisting 
at  the  rerailment  must  necessarily  be  idle.  To  rerail  a  heavy 
steel  car  loaded  with  coal  is  no  light  task  in  a  working  place, 
since  the  tracks  are  seldom  ballasted  and,  for  the  most  part, 
are  laid  as  cheaply  as  possible;  hence  when  a  car  jumps  the  rails 
they  usually  spread,  and  must,  therefore,  be  relaid  before  opera- 
tions can  again  be  started.  With  a  moderate  sized  car  the  effect 
is  not  so  serious.  Derailments,  however,  are  just  as  likely  to 
occur,  but  the  loaders  and  driver,  or  pusher,  can  remedy  this 
without  getting  outside  help. 

The  car  and  track  should  be  designed  to  meet  the  require- 
ments of  a  given  mine ;  not  the  mine  made  to  suit  a  certain  type 
of  car  that  may  have  given  excellent  results  in  some  other  field ; 
for  unless  the  working  and  labour  conditions  are  the  same  in 
both  instances,  it  is  highly  improbable  that  the  car  will  be  as  suc- 
cessful in  the  one  as  the  other. 

The  nature  of  the  labour  supply  has  an  effect  on  the  size  of 
a  car  in  many  instances.  In  some  fields  practically  all  the  haul- 
age— putting,  driving,  caging,  loading — -are  done  by  boys  from  ten 
to  sixteen  years  of  age.  For  this  class  of  labour  cars  must  of 
necessity  be  handled  and  filled  easily.  In  Alberta  and  British 
Columbia  that  class  of  labour  is  to  a  great  extent  unavailable  for 
this  class  of  work.  The  size  of  a  car  should  be  such  as  will  suit 
that  labour,  and  it  is  obvious  that  an  operator  should  take  ad- 
vantage of  this  fact. 

The  writer  does  not  mean  to  infer  that  standardization  is 
not  a  good  thing:  he  is  convinced  that  it  is,  once  the  proper  type 
of  car  suitable  for  existing  conditions  is  found.  But,  withall, 
care  must  be  taken  that  the  adoption  of  a  standardized  car  does 
not  standardize  the  mine  to  its  detriment. 
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Tracks  should  be  of  a  moderate  gauge,  say  36"  to  42" 
wherever  possible — with  a  preference  towards  the  latter.  This 
gives  a  good  wide  car,  and  there  is  no  need  for  any  excessive 
overhang,  which  makes  the  car  weaker,  and  harder  and  costlier 
to  construct.  With  a  proportionate  length  the  carrying  cap- 
acity will   be   large. 

Tracks  of  this  gauge  are  very  practical:  They  give  a 
solid  to  the  traffic  and  offer  no  difficulties  in  the  way  of  wide 
roads.  In  the  district  of  Drumheller  the  gauge  is  around  26", 
and  the  tracks  are  harder  to  keep  up  than  the  moderate  gauge. 
There  is  no  reason  for  a  narrow  track  unless  the  conditions  of 
the  seam  make  it  compulsory.  I  can  see  no  reason  for  them, 
unless  the  roof  conditions  are  so  poor  that  the  unsupported 
areas  at  room  necks  and  branch  roads  must  be  restricted  to  such 
an  extent  that  a  short  radius  curve  must  be  used  at  the  en- 
trance to  the  room  necks.  They  reduce  the  carrying  capacity 
of  the  car.  The  car  is  more  likely  to  jump  the  rails,  and  the 
rails,  in  turn,  are  more  unstable,  and  do  not  permit  of  as  rigid 
a  construction  as  the  moderate  type.  The  maintenance  of 
both  car  and  track  are  greater.  Nevertheless,  under  friable 
and  treacherous  roofs  they  have  their  advantages.  The  main 
advantage  is  in  their  ability  to  go  around  a  sharp  curve.  This 
is  poor  practice,  if  it  can  be  avoided ;  for  the  wheels  of  a  car  mov- 
ing around  a  curve  of  this  description,  go  in  short  jerky  tan- 
gents that  have  the  effect  of  not  only  increasing  the  resistance 
due  to  the  curvature,  but  also  spreads  the  rails,  thus  causing 
delays  to  the  haulage.  By  making  the  gauge  wider,  the  resis- 
tance is  decreased  and  the  length  of  the  tangents  increased,  thus 
the  same  tendency  for  rail  spreading  does  not  exist. 

With  a  broader  gauge  there  must  be  a  greater  radius  of 
curvature;  this,  naturally,  introduces  more  open  or  unsup- 
ported ground;  but,  under  normal  roof  conditions,  this  should 
cause  no  anxiety.  The  advantages  accruing  from  this  system 
are:  Fewer  cars  for  a  given  ouput;  greater  stability  of  cars; 
firmer  tracks  and  fewer  derailments;  a  much  reduced  initial 
cost.  Tracks  are  firmer,  hence  derailments  and  lower  main- 
tenance of  both  rolling  stock  and  rails. 

Height  in  a  mine  car  is  not  by  any  means  to  be  desired. 
High  mine  cars  require  more  labour   to   load,   increase  main- 
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tenance  of  roads,  decrease  stability  of  the  structure,  and,  if  the 
coal  is  intended  for  the  domestic  market  where  lump  coal  is  the 
principal  demand,  they  are  not  to  be  advocated,  for  they  lend 
no  inducement  to  the  loader  to  load  large  coal. 

In  a  flat  seam  having  good  height,  a  fair  roof,  and  normal 
conditions,  the  haulage  problem  is  not  a  difficult  one  to  solve — 
the  right  type  of  car  should  easily  be  obtained;  but  should  all 
the  conditions  exist  in  another  seam,  excepting  that  it  is  a  thin 
one,  then  the  design  of  the  car  calls  for  serious  consideration, 
for  much  brushing  may  have  to  be  done. 

The  design  of  a  car  suitable  for  both  entries  and  rooms 
when  the  seam  is  thin  cannot  be  lightly  dismissed.  A  car  for 
this  purpose  should  be  thought  out  from  the  room  standpoint  only, 
since  the  cost  of  labour  used  there  will,  to  a  great  extent,  decide 
whether  the  operation  will  be  a  successful  one  or  not.  It  is 
surely  not  good  practice  to  brush  all  the  rooms;  costs  would  be 
excessive;  while  conveyors  have  not  yet  proved  themselves  to 
be  so  overwhelmingly  successful  that  mine  managements  un- 
hestitatingly  adopt  them.  Hence,  it  is  apparent  that  the  car 
must  go  to  the  face  to  be  loaded.  That  it  must  be  low  is  cer- 
tain; low  enough  to  permit  the  loader  to  load  the  car  with  as 
large  pieces  as  he  can  lift  into  the  car.  To  do  this,  the  height  of 
the  room  must  be  kept  at  the  maximum.  The  car  should  be 
light  enough  to  be  moved  readily,  for,  in  a  low  seam,  a  man's  ex- 
ertions are  limited. 

In  a  pitching  seam  suited  for  McGinty,  or  similar  haulage, 
a  light  car  should  be  used,  and  if  the  car  is  made  on  the  lines 
advocated  in  this  paper  tare  will  be  less  to  the  load,  and  will 
give  the  maximum  pull  on  the  rope  for  the  least  weight;  hence 
there  is  less  strain  on  the  rope  for  a  given  tonnage  of  coal,  and 
some  accidents  will  happen  on  a  pitch  of  this  description.  This 
should  be  worthy  of  consideration. 

A  seam  pitching  sufficiently  to  permit  the  cars  being  loaded 
from  chutes  has  very  few  car  problems.  Advantage  should 
be  taken  of  the  thickness  of  the  seam  and  other  existing  local 
conditions.  If  this  is  done,  minimum  haulage  costs  should  be 
attained. 

Entries  and  gangways  should  be  driven,  wherever  possible, 
on  a  grade  sufficient  to  gravitate  water.    Tracks  should  be  lined ; 
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there  should  be  a  sufficiency  of  ties;  the  main  roads  should  be 
well  ballasted,  and  the  steel  should  be  of  sufficient  weight  to 
bear  the  traffic. 

Cars  should  be  built  rugged  enough  to  withstand  the  haul- 
age, yet  they  should  be  light  enough  to  suit  the  local  conditions. 
Their  capacity  should  be  as  great  as  circumstances  will  permit 
within  moderation.  The  closed  end  type  of  car  should  be  chosen 
under  all  circumstances  as  the  old  style  are  nothing  short  of 
an  abomination.  Through  ordinary  derailment  they  are  the 
cause  of  many  accidents  to  haulage  workers.  Through  their 
inability  to  retain  the  coal  dust  during  transportation  they  have 
been  the  cause  of  terrific  dust  explosion.  Again,  at  times 
when  the  doors  have  not  been  securely  fastened,  blocks  of  coal 
have  rolled  onto  the  haulage  way  and  caused  serious  wrecks. 

The  initial  cost  of  the  other  type  is  less,  and  they  are  strong- 
er, for  a  given  tare.  The  upkeep  of  both  tracks  and  cars  is 
less,  and  the  friction  between  employer  and  employee  through 
the  loss  of  coal  by  faulty  doors  is  eliminated.  The  loader  is 
always  assured  of  his  weight  at  the  tipple.  The  tracks  do  not 
need  so  much  cleaning;  and  the  mine,  especially  if  the  coal  is 
of  a  fragile  nature,  is  safer. 

These  advantages  are  so  great  that  they  should  outweigh 
any  that  can  be  put  forward  for  the  end  door  type.  Arguments 
have  been  put  forward  that  the  rotary  dump  breaks  the  coal, 
but  it  is  doubtful  if  it  causes  any  more  breakage  than  any  other 
type. 


HORSE  HAULAGE  VERSUS  COMPRESSED  AIR 
HAULAGE— A  COMPARISON  OF  COSTS 

By  Raoul  Green,  Blairmore.  Alta. 

Rocky  Mt.  Branch,  April  Meeting,  1916. 

The  following  comparisons  apply  only  to  mines  working 
under  the  following  conditions: — Seams  pitching  25  degrees  or 
more;  pit  cars  containing  two  or  three  tons;  rails  weighing  30  to 
40  lbs  per  yard;  grades  fluctuating  but  little  from  .46  of  1%  in 
favour  of  the  loads;  gangways  roomy;  tracks  fairly  well  kept; 
curves  few  and  slight. 

The  compiler,  for  clear  comparison,  has  juxtaposed  the  re- 
spective costs  of  horse  and  compressed  air  haulage  per  ton-mile, 
for  all  coal  actually  hauled  out  of  the  mine. 

Compressed  Air  Haulage. — A  summer  month  of  1915  was 
chosen  for  the  test.  The  output  was  33,826  tons,  and  the  number 
of  haulage  shifts  19.5,  All  expense  chargeable  to  haulage,  in- 
cluding work  done  on  idle  days,  holidays  and  Sundays,  has  been 
allocated  to  that  item. 

The  month  chosen  was  neither  a  good  nor  a  bad  one;  there- 
fore the  results  are  practical  and  not  theoretical. 

The  details  of  the  several  elements  forming  this  test  were  as 
follows : 

Tonnage  shipped 33826  tons 

Haulage  shifts 19 , 5 

200  3-ton  steel  cars  were  in  use,  equipped  with  18"  Had- 
field  wheels.  The  gangway  was  laid  with  40-lb.  rails.  Besides 
the  morning  haulage  shift  an  afternoon  and  a  midnight  shift 
were  employed.  Only  sufficient  drivers  were  occupied  on  the 
midnight  shift  to  fill  all  cars  in  preparation  for  the  day  shift, 
beside  handling  such  supplies  and  material  as  are  always  needed 
in  a  coal  mine.  These  extra  hands  being  chargeable  to  haulage 
tend  to  increase  costs,  especially  if  there  are  many  idle  days. 
All  locomotives  were  of  the  H.  K,  Porter  standard  compound 
type.     The  haulage  meant  two  operations.     First,  the  gathering 
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or  loading  from  the  mine  chutes,  then  haulage  to  a  main  parting 
— the  trips  consisting  of  some  ten  to  twenty  cars,  with  6-ton 
locomotives;  second,  the  hau  age  of  40-car  trips  from  the  main 
parting  to  the  tipple  approach  by  the  use  of  9-ton  locomotives. 

Monthly  expenses — 

Track  cleaners,  drivers,  trackmen,  etc $2,335.00 

Power  house  labour 599 .  00 

Material  repairs,  cars,  boilers,  locomotives...       426.00 
Coal  and  other  supplies 1,238.00 


^,598.00 


In  order  to  obtain  an  accurate  account  of  depreciation  costs 
the  following  items  were  taken  from  the  equipment  ledger: 

Boilers $21,000.00 

Boilers,  pumps,  heaters  and  headers.     5,690.00 

$26,690.00  at  50%  prop 

Charg.  haul 13,345.00 

2  H.P.  compressors 25,000.00 

8  locomotives 28,300.00 

Pipe  lines 12,800.00 

200  cars 30,000.00 

Boiler  &  power  house  at  50%  prop, 
charge  haul 5,000.00 

$114,445.00 
Depreciation  at  11%  for  one  month, 
would  equal 1,048.00 

Ton-miles  handled  for  the  month. — 
Total  ton-miles  70,260. 

Cost  per  ton-mile  per  item — 

Mine  labour $2,335.00  $.033 

P.H.  labour 599.00  .007 

Mat.  rep.  labour 426.00  .006 

Coal  and  other  supplies 1,238.00  .017 

Equipment  11% 1,048.00  .015 

$.078 
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If  a  full  month's  run  had  been  realized,  that  is,  if  the  ship- 
ments had  reached  say  41,000  tons  instead  of  33,000,  the  theo- 
retical cost  would  have  been  .060  instead  of  .078.  However,  it 
is  doubtful  if  this  figure  would  be  reached  in  practice  as  it  is 
based  on  all  the  costs  decreasing  in  the  same  ratio  as  the  tonnage 
increases,  which,  in  this  case,  is  obviously  untrue.  For  example 
the  mine  labour,  the  material  repairs,  and  the  supplies  increase 
practically  in  the  same  ratio  as  the  tonnage.  Again  the  power 
house  and  equipment  accounts  are  more  or  less  fixed  in  their 
total,  whatever  the  tonnage.  Probably  .070  would  be  a  very 
conservative  figure  to  take  in  such  an  instance. 

Horse  Haulage. — The  details  of  conditions  under  which  the 
test  was  carried  out  were  as  follows: — 

Total  tons  shipped  during  the  month 15,573. 

Days  haulage  worked 25. 

The  cars  were  steel  framed,  wooden  boxes,  of  two-ton 
capacity,  wheels  18"  Hadfield;  rails  were  40  lbs.  to  the  yd.; 
tracks  in  fair  condition — no  sharp  curves;  grade  quite  uniform 
averaging  .5  of  1%  in  favour  of  the  loads.  An  afternoon  shift 
of  drivers  was  employed  in  order  to  prepare  a  full  string  of 
loaded  cars  for  the  morning  shift.  Sound,  heavy  horses  were 
used.  The  haulage  consisted  of  two  operations: — First,  hauling 
from  the  mine  chutes  by  single  horses  to  a  main  parting;  second, 
hauling  from  the  main  parting  to  the  tipple  approach  by  means 
of  a  three  horse  spike  team,  twenty  to  twenty-five  pit  cars  com- 
posing a  trip. 

Monthly  expenses — 

Track  cleaners,  drivers,  helpers $884.00 

Repairs  to  cars,  etc 164 .  00 

Supplies — 

'$10.00  feed, 


22  horses 


5.00  attendance. 


$15.00 $330.00 


Total $1378.00 
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Depreciation  Charges — 

For  horses  this  figures  as  follows,  averaging  over  a  period 
of  five  years : — 

Total  horses  owned,  83,  value $16,600.00 

Less: 

Horses  killed,  20,  value $  4,000.00 

Loss  on  28  horses  sold 3,560.00 

Loss  on  value  of  balance 3,500.00 


$11,060.00 


Loss  in  five  years . 
Loss  per  year. .  .  . 


.66% 
.13% 


Depreciation  on  horses — 

22  horses  x  $200.00  equals  4,400  at  13%  yearly,  for  1  mo. 
equals  $48.00. 

Depreciation  on  equipment — 

130  pit  cars  x  $110.00 $14,300.00 

Stables,  stable  equipment,  tools 2,966.00 

$17,266.00 
Depreciation  at  11%  per  year,  monthly 167.00 

The  total  monthly  expenses  are  therefore  as  follows : 

Labour $1,048.00 

Supplies 330.00 

Depreciation  horses 48.00 

"  equipment 167.00 

$1,593.00 
Total  ton-miles 14,450.00 

Table  of  Comparisons 


Labour 

Supplies 

Deprecia- 
tion 

Total  cost 
per  ton- 
mile 

Compressed  air. . 
Horse 

.046 
.072 

.017 
.022 

.015 
.015 

.078 
.109 
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The  following  are  the  conclusions  deduced  from  the  above 
facts : — 

1st.  Compressed  air  haulage  is  about  3  cents  per  ton  cheaper 
than  horse  haulage. 

2nd.  Cost  of  supplies  and  depreciation  are  about  the  same 
in  each  case. 

3rd.  Compressed  air  permits  of  from  two  to  three  times  as 
much  coal  (in  certain  cases  probably  more)  being  handled  than 
by  horse  haulage. 

4th.  The  main  reason  for  lower  cost  by  compressed  air  is 
due  to  the  labour  item,  in  this  case  about  3  cents  per  ton. 

5th.  The  total  of  7.8  cents  per  ton  for  compressed  air  haul- 
age could  undoubtedly  be  reduced  to  7  cents  for  a  month  of  25 
working  days. 


Discussion 


Mr.  John  Shanks,  {Communication  to  the  Secretary): — 
The  members  of  the  Institute  must  be  greatly  indebted  to  Mr. 
Green  for  his  most  informative  and  practical  paper.  The 
writer  would  like  to  see  more  papers  of  this  kind  read  before 
the  Institute.  Members  should  come  forward  with  papers  on 
subjects  dealing  with  the  practical  difficulties  they  have  en- 
countered and  have  overcome  in  connection  with  their  work. 
They  should  not  hesitate  to  write  of  their  failures  as  well  as  of 
their  successes  for  thereby  the  usefulness  of  the  Institute  to  its 
members  will  be  enhanced  greatly. 

Most  operators  delay  the  introduction  of  mechanical  power 
haulage  until  the  horse  haulage  has  become  almost  impractica- 
ble. The  large  capital  outlay  involved  in  installing  mechanical 
power  haulage  no  doubt  has  something  to  do  with  such  dilatori- 
ness.  But  if  the  question  of  operating  cost  were  more  closely 
investigated,  undoubtedly  mechanical  haulage  would  be  pro- 
vided at  properties  in  the  course  of  development  much  earlier 
than  is  now  commonly  the  case. 
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Previous  to  the  publication  of  Mr.  Green's  paper  the  writer 
had  already  compiled  some  figures  on  present  cost  of  horse 
haulage  and  probable  cost  of  installing  and  maintaining  a  com- 
pressed air  locomotive  plant. 

At  Brazeau  Collieries,  Nordegg,  the  main  haulage  roads  are 
laid  out  for  locomotive  haulage.  The  main  levels  are  driven  on 
a  grade  of  .6%  and  are  laid  with  30  lb.  section  steel  rails. 

For  the  purpose  of  making  comparisons  I  have  arranged  the 
figures  I  had  compiled  in  a  similar  manner  to  those  compiled  by 
Mr.  Green. 

The  horse  haulage  costs  are  taken  from  the  books  and  are 
therefore   actual   costs. 

The  compressed  air  locomotive  costs  are  theoretical,  but, 
like  the  probable  estimates  for  installation  are  conservative. 

The  month  of  April  was  selected.  During  that  month  the 
horses  worked  at  full  capacity.  If  more  coal  had  been  hauled, 
it  would  have  necessitated  more  horses  being  employed. 

The  horses  and  drivers  reckoned  in  the  costs  were  only  those 
engaged  in  hauling  from  the  main  partings. 

The  mine  cars,  were  of  wood  constructed  in  an  iron  frame,  and 
with  a  tare  of  1050  lb.,  had  a  carrying  capacity  of  3,000  lb.  of 
coal;  the  wheels  were  of  the  Hadfield's  Rowbottom  patent  self 
oiling  type,  and  were  12  ins.  diam.  in  trod. 

Horse  Haulage. 

Total  tons  mined  and  hauled  during  month.  29,402  tons 

Days   haulage  worked 21.6  days. 

Average  distance  of  haul 3,800  feet 

Monthly  Expenses 

Trackmen,  track  cleaners,  drivers  helpers $834.00 

Repairs  to  cars,  etc 470 .  83 

$1,304.83 
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Supplies. 

19  horses |$ll-50  feed,  etc. 

[     7.00  attendance 

$18.50    $351.50 

Depreciation  on  horses  worked  out  at  12% 

19  X  $200  =$3 ,800 @  12%  yearly  for  1  month  $  38.00 

Depreciation  on  equipment: 

400  pit  cars  @  $75 $30,000 

Stables,  stable  equipment,toolsetc 1,500 

$31,500 

Depreciation  at  11%  per  year  monthly $288. 75 

Total  monthly  expenses  are  therefore  as  follows : 

Labour    $1304.83 

Supplies 351 .  50 

Dep.  horses 38.00 

"     equipment   288.75 

$1983.08 

Total  ton  miles 21 .  160 

Total  cost  per  ton  mile $0 .  093 

Compressed  Air  Locomotive  Haulage. 

The  writer  calculates  that  one  8  ton  locomotive  and 
two  6  ton  locomotives  can  easily  handle  betw^een 
40,000  and  50,000    ton    miles  per  month. 

Monthly  Expenses. 

Track  men,  cleaners,  drivers,  helpers  etc $690.00 

Power  house  labour  (share) 684 .  80 

Material  repairs,  cars,  boilers,  loco 600.00 

Coal  and  other  supplies  (share) 600.00 

$2,574  80 
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Depreciation  on  Haulage  Equipment. 

1  H.  P.  Compressor $14,500 

4  Locomotives  (1  spare) 14.500 

Pipe  lines 7,000 

400  mine  cars 30,000 

2  Return  tubular  boilers  etc 5,000 

$71,000 

Depreciation  —  11%  for  1  month $650.00 

Total  monthly  expenses  are  therefore $3,224.80 

If  the  total  ton  miles  .  .3,224.80     Cost  is  $0,110  per  ton. 
40,000  "      $  0.08  per  ton. 

50,000  "      $  0.64  per  ton. 

Approx. 

From  the  above  costs,  and  the  costs  given  by  Mr.  Green,  it 
will  be  seen  that  timely  installation  of  compressed  air  locomotive 
haulage  is  advantageous. 

Roughly  speaking,  after  about  20,000  ton  miles  have  been 
developed,  the  cost  of  horse  haulage  will  increase  approximately 
with  the  ton  miles  produced ;  that  is,  if  the  cost  of  hauling  20,000 
tons  one  mile  is  9  cents,  the  cost  of  hauling  20,000  tons  two  miles 
with  horses  will  be  about  18  cents. 

The  economic  advantage  passes  from  horse  to  compressed 
air  locomotive  haulage  somewhere  between  25,000  and  30,000 
ton  miles  of  development. 

During  January  of  this  year  the  haulage  efficiency  of  all 
haulage  fell  to  50%  of  summer  efficiency.  Rolling  friction  be- 
came skidding  friction.  Horses  which  started  on  50%  loads 
had  to  have  their  trips  cut  another  50%  before  the  end  of  the 
shift.  The  great  advantage  of  the  mechanical  haul  over  animal 
haul  is  that  the  machine  does  not  tire. 


COAL  DUST,  HOW  IT  AFFECTS  THE  MINES  IN  THE 
CROWSNEST    PASS 

By  Wm.  Shaw,  District  Inspector  of  Mines 

Rocky  Mt.  Branch,  April  Meeting 

The  presence  of  coal  dust  and  gas  in  the  mines  in  the  Crows- 
nest  Pass  is  very  serious,  and  the  manner  of  deahng  with  them 
should  be  as  prompt  and  decisive  as  possible.  It  is  now  generally 
admitted  that  coal  dust  in  a  mine  is  dangerous,  and,  when  gas 
also  is  present,  it  is  doubly  so;  in  the  case  of  the  Crowsnest  mines, 
this  danger  is  intensified  since  the  air  entering  the  mines  during 
the  winter  season  is  very  dry  and,  therefore,  absorbs  a  large 
percentage  of  the  natural  moisture  in  the  mine.  Shot  firing  in 
these  mines  is  also  a  source  of  danger. 

I  do  not  wish  it  to  be  understood  that  all  the  above  conditions 
exist  in  any  one  mine  at  the  same  time,  but  they  certainly  do  exist 
to  a  greater  or  lesser  degree  in  nearly  all  of  them.  When  we 
consider  that  coal  dust,  when  spread  to  the  thickness  of  .003 
of  one  inch,  which  represents  .19  of  one  ounce  per  square  foot 
of  area,  has  been  found  from  experiment  to  explode  by  means 
of  a  shot  being  fired  into  it  when  no  gas  was  present,  the  poten- 
tialities of  explosion  are  very  apparent  in  the  Crowsnest  mines. 

THE  GENERAL  CONDITIONS  OF  THE  MINES  IN  THE  CROWSNEST  PASS 

The  air  entering  these  mines  in  winter  shows  a  relative 
humidity  of  from  45%  to  50%;  the  return  air  from  the  same 
mines  shows  a  relative  humidity  of  from  90%  to  100%:  therefore, 
the  mines  are  more  dry  and  dusty  in  winter  than  during  any  other 
season  of  the  year.  This,  then,  is  the  season  when  danger  is 
most  extant. 

The  percentage  of  gas  found  in  the  air  of  the  principal 
mines  during  1915 — the  samples  being  taken  as  a  rule  from  the 
return  airways — has  been  found  to  be  low  in  most  cases.  This 
must  not,  however,  be  taken  as  representative  of  the  percentage 
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of  gas  diffused  through  the  air  in  every  part  of  the  mine.  If  the 
percentage  of  gas  is  low  in  the  return  airways,  it  is  safe  to  assume 
that  the  amount  of  gas  in  the  air  in  the  inside  workings  is  much 
higher.  This  owing  to  the  free  discharge  of  gas  from  the  newly 
broken  coal  faces.  The  percentage  of  air  in  these  places  is  not 
more  than  from  10%  to  20%  of  the  total  amount  going  into 
the  district.  Heavily  laden  with  gas,  the  air  from  the  inside 
places,  is  partly  purified  in  its  passage  through  the  workings 
towards  the  return  airway  by  the  large  amount  of  air  that 
leaks  through  the  bulkheads  in  each  chute  off  the  intake  airway, 
which  is  the  main  entry.  Therefore,  the  lowest  percentage  of 
gas  is  always  found  in  the  return  airways  farthest  away  from  the 
inside  places. 

Fine  dry  coal  dust  exists  in  certain  sections  of  four  of  the 
principal  mines.  By  the  erection  of  inert  dust  barriers  steps 
have  been  taken  to  try  to  prevent  propagation  of  a  coal  dust  ex- 
plosion. 

Shot  firing  in  the  coal  is  still  being  carried  on  in  most  of 
the  mines,  but,  with  the  notable  exceptions  of  two,  it  is  gratify- 
ing to  know  that  the  amount  of  shot  firing  is  diminishing. 

Only  permitted  explosives  are  used,  namely:  A.  I.  Monobel, 
Monobel  No.  1,  and  Permittite.  The  first  two  are  chiefly  used 
in  coal  blasting,  while  the  last  is  used  for  rock;  Nos.  6  and  7  de- 
tonators are  used;  all  shots  are  fired  by  low  tension  electric 
batteries;  the  percentage  of  mis-shots  are  low. 

The  ventilation,  on  the  whole,  is  good  in  all  the  mines; 
but,  owing  to  the  present  method  of  working  and  ventilating, 
not  more  than  from  10%  to  20%  of  the  total  amount  of  air  in 
each  split  gets  into  the  farthest  inside  places.  This  is  a  serious 
drawback  and  requires  the  attention  of  the  officials  of  all  the 
mines. 

Another  dangerous  element  when  taken  in  conjunction 
with  dry  coal  dust,  is  the  sparking  properties  of  the  roof  rock 
in  several  of  the  mines  in  this  district — particularly  the  Bellevue 
Mines. 

Very  fine  coal  dust  accumulates  in  the  waste  during  the 
extraction  of  pillars,  and  there  are  no  means  of  treating  it  to 
render  it  inexplosive  except  by  sending  a  current  of  steam- 
humidified  air,  or  air  loaded  with  finely  sprayed  water,  into  the 
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waste.  Where  the  ventilation  is  carrying  a  high  percentage  of 
gas,  but  where  shot  firing  in  the  coal  has  been  eliminated,  officials 
should  not  allow  themselves  to  be  lulled  into  a  false  sense  of 
security,  since  a  combination  of  coal  dust  and  gas  is  dangerous 
at  all  times. 

Wherever  such  conditions  exist,  a  simple  accident  to  a 
safety  lamp  in  the  mine,  whereby  the  flame  in  an  explosive 
mixture  of  gas  and  air  would  be  exposed,  an  explosion  might 
readily  occur,  and  the  presence  of  coal  dust  might  propagate  it 
throughout  the  mine;  therefore,  prompt  measures  should  be 
taken  to  render  the  coal  dust  inexplosive,  and,  if  this  is  not 
possible,  then  inert  dust  barriers  should  be  erected  in  order  to 
prevent  the  propagation  of  an  explosion. 

METHODS  OF  PREVENTING  THE  IGNITION   OF   COAL  DUST   AND  THE 
PROPAGATION  OF  COAL  DUST  EXPLOSIONS 

There  are  several  orthodox  methods  of  handling  the  coal 
dust  problem: 

1.  Humidifying  the  mine  air  by  means  of  steam  vapour. 

2.  Finely  sprayed  water  under  pressure. 

3.  Water  curtains. 

4.  Mixing  rock  dust  with  the  coal  dust. 

5.  Removing  the  coal  dust. 

6.  Inert  dust  barriers. 

The  question  arises,  which  of  the  above  methods  is  the  most 
adaptable  for  the  mines  of  the  Crowsnest  Pass. 

Steam  Vapour  as  a  Humidifying  Medium — The  humidify- 
ing of  mine  air  by  means  of  steam  vapour  is  no  doubt  a  good 
method  where  it  can  be  successfully  applied.  How  would  it 
suit  Crowsnest  Pass  conditions? 

In  the  first  place  let  it  be  stated  that  it  w^ould  not  be  wise 
to  instal  a  steam  humidifying  system  unless  it  were  absolutely 
certain  that  all  the  coal  dust  adhering  to  the  roof,  floor,  sides 
and  timbers  in  the  mines  would  be  moistened  to  the  extent  of 
approximately  30%.  To  render  coal  dust  inexplosive  it  must 
contain  one-third  its  own  weight  of  water,  or  twenty-six  pounds 
of  water  to  every  cubic  foot  of  coal  dust.    It  has  also  been  found 
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from  experiment,  that  coal  dust  moistened  to  the  extent  of  from 
8%  to  15%  has  generated  a  higher  explosive  pressure  than 
similar  dust  exploded  in  a  dry  state. 

Bearing  in  mind  these  facts,  we  must,  therefore,  not  adopt 
any  method  of  moistening  coal  dust  so  as  to  render  it  inexplosive, 
unless  we  are  in  a  position  to  moisten  the  coal  dust  to  the  extent 
of  at  least  30%  throughout  the  mine.  At  one  of  the  mines 
previously  referred  to,  this  process  was  attempted  on  a  small 
scale,  but  it  was  found  that  the  humidity  was  lost  200'  away 
from  where  the  steam  was  injected  into  the  air.  At  one  mine  in 
the  United  States,  steam  was  discharged  into  the  downcast  shaft. 
The  humidity  in  this  case  was  lost  600'  away  from  the  shaft 
bottom. 

The  steam  vapour  humidifying  method  is  not  applicable  to 
the  mines  of  the  Crowsnest  Pass;  because,  in  the  very  first 
place,  the  medium  would  not  be  able  to  penetrate  freely  into 
the  chutes,  the  very  place  where  most  of  the  coal  dust  is  generated 
and  retained.  Then  there  is  the  consideration  of  the  miner's 
health.  What  effect  would  such  an  atmosphere  have  on  him. 
This  might  very  properly  be  taken  up  and  investigated 
by  the  medical  profession.  Again,  the  effects  on  ventilation 
by  this  method  has  yet  to  be  definitely  investigated. 

Water  Spraying  Method — The  method  of  spraying  by  water 
under  pressure,  might  be  adopted  to  advantage  in  mines  where 
there  is  sufficient  head  to  constitute  a  fine  spray.  This  can  be 
done  by  attaching  the  pipes  to  the  shaft  water  column.  Another 
way  is  by  attaching  them  to  any  pump  column  that  might  come 
from  the  dip  workings.  Where  such  conditions  do  not  exist 
the  water  would  then  have  to  be  sprayed  through  the  medium 
of  compressed  air.  This  is  done  by  installing  a  double  set  of 
pipes;  one  for  compressed  air,  the  other  for  water,  with  the  neces- 
sary connections  and  valves  attached. 

Water  Curtain  Method — Water  curtains  are  designed  in 
different  ways.  One  method  consists  in  placing  small  tanks 
across  the  roadway,  at  the  roof,  in  order  that  they  might  be 
overturned  by  the  air  wave  that  precedes  the  flame  of  an  ex- 
plosion. This  has  its  disadvantages,  for  if  the  flame  is  much 
behind  the  pressure  wave,  the  water  may  be  discharged  too  soon 
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to  be  of  use.  Another  and  better  type  of  water  curtain,  however, 
has  been  invented.  A  large  shallow  tank  is  placed  near  the  roof; 
if  an  explosion  occurs,  the  wave  causes  the  water  to  fall  in  a 
sheet  during  a  considerable  length  of  time,  but  if  the  explosion 
wav^e  is  very  violent  all  the  water  in  the  tank  is  immediately 
discharged.  This  device  has  proved  effective  in  a  number  of 
tests  in  France. 

Both  of  the  above  methods  require  constant  and  careful 
attention,  so  that  if  called  upon  to  perform  their  functions, 
they  will  not  fail. 

The  Dilution  of  Coal  Dust  by  the  Rock  Dust  Medium — The 
author  is  of  the  opinion  that  this  method  is  not  applicable  to 
pitching  seams,  where  coal  dust  lodges  on  all  projections  on 
the  rib  sides,  timbers,  and  roof,  unless  all  the  coal  dust  were  swept 
down — which  is  not  practicable. 

Coal  dust  from  the  mines  in  the  Crowsnest  Pass  requires 
a  mixture  of  rock  dust  to  the  extent  of  75%,  or,  three  parts 
rock  dust  to  one  part  coal  dust,  in  order  to  render  it  inexplosive. 

The  transportation  of  rock  dust  up  the  chutes  of  the  heavy 
pitching  seams  of  the  Crowsnest  mines  makes  this  method 
economically  impossible. 

Removal  of  the  Coal  Dust — This  method  of  removing 
coal  dust  and  transporting  it  out  of  the  mine  is  not  practicable 
in  pitching  seams.  An  experiment  was  made  with  this  method 
when  pillars  were  being  extracted.  The  seam  w^as  a  pitching 
one.  The  coal  dust  was  collected,  sent  down  chutes,  loaded  into 
cars,  then  transported  out  of  the  mine.  Resulting  from  this 
operation,  the  liner  coal  dust  rose  in  suspension  and  eventually 
settled  in  the  waste  above  the  pillars.  Thus,  this  method  was 
self  condemned. 

Inert  Dust  Barrier  Method — The  incombustible,  or,  inert 
dust  barrier  method,  has  been  applied  in  four  of  the  mines  in 
the  Crowsnest  Pass.  The  barriers  are  placed  overhead  in  most 
cases,  where  there  is  sufificient  height.  The  shelves  are  from  13^2 
feet  to  2  feet  wide.  A  space  of  2  feet  is  left  between  each  shelf. 
The  barriers  are  from  175  feet  to  200  feet  in  length.  It  is  pre- 
ferable to  have  the  shelf  barriers  placed  overhead  as  all  ex- 
periments have  shown  that  the  force  of  an  explosion  always 
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takes  the  centre  of  any  road  upon  which  it  may  be  travelling. 
Each  shelf  is  loaded  to  the  angle  of  repose  with  incombustible 
dust,  taken  from  the  combustion  chambers  of  the  steam  boilers. 
This  dust  has  been  analysed  and  found  to  contain  less  than  2%  of 
combustible  matter.  It  is  very  fine  and  light,  and,  in  case  of 
any  explosive  force  would,  by  reason  of  its  lightness,  remain 
longer  in  suspension  and  also  mix  more  freely  with  the  coal  dust 
than  the  average  rock  dust  would. 

Fine  spraying  by  water  or  inert  dust  barriers  seem  to  be  the 
only  methods  that  could  be  practically  applied  to  the  conditions 
that  exist  in  the  pitching  seams  in  the  Crowsnest  Pass. 

The  water  spraying  method  has  an  advantage  over  the 
inert  dust  method  in  that  the  latter  is  only  designed  to  prevent 
the  propagation  of  an  explosion,  while  the  former  is  designed 
in  the  first  place,  to  prevent  an  explosion. 

The  author  is  of  the  opinion  that  the  water  spraying 
(under  pressure)  method  is  applicable  to  the  mines  of  the  Crows- 
nest Pass  since  they  are  only  dusty  in  sections,  and  even  then, 
in  most  cases  for  only  four  months  in  the  year.  It  would  not 
entail  a  prohibitive  outlay  of  capital  to  instal  the  necessary 
pipes  in  any  of  the  mines. 

This  undoubtedly  is  the  most  effective  method  of  dealing 
with  the  coal  dust  problem  in  the  mines  of  the  Crowsnest  Pass, 
and  is  the  method  the  author  advocates. 

METHODS    OF    WORKING — KEEPING    IN    VIEW    THE     COAL    DUST 
QUESTION     AND    VENTILATION 

It  is  the  author's  opinion  that  throughout  the  mines  in 
the  Crowsnest  Pass  an  entry  should  be  driven  to  the  dip,  and 
parallel  to  the  main  entry.  This  to  be  used  solely  as  an  intake 
airway.  The  present  system  of  developing  the  pitching  seams 
is  by  driving  main  and  counter  entries  along  the  strike  of  the  seam, 
then  driving  chutes  from  the  main  entry  every  sixty  feet.  The 
main  entry  being  used  as  the  intake  airway.  Bulkheads  are 
built  across  the  bottom  of  each  chute  to  prevent  leakage  of 
air  up  to  the  chutes.  No  matter  how  well  and  substantially  these 
bulkheads  may  be  built  they  always  permit  a  leakage  of  air; 
not  only  around  the  edges  of  the  bulkheads  and  through  breaks 
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in  the  coal,  but  through  the  apertures  left  in  the  bulkheads 
to  allow  the  coal  to  pass  through  from  above.  That  is  when  coal 
is  being  loaded  from  the  chutes  and  when  the  chutes  are  empty. 
This  sometimes  occurs. 

For  example,  take  a  main  entry  from  which  sixty  chutes 
have  been  started.  The  leakage  of  air  up  the  chutes  along  this 
entry  would  be  enormous.  This  explains  the  reason  why 
only  from  ten  to  twenty  per  cent  of  the  air  circulates  in  the 
inside  workings.  Inside  places  are  the  places  that  require  the 
most  air,  for  reasons  already  mentioned. 

By  driving  another  entry  to  the  dip  of  the  main  entry, 
nearly  all  the  above  leakage  of  air  up  the  chutes  would  be  avoided, 
since  all  the  stoppings  in  the  slants  or  crosscuts  between  the  main 
and  dip  entries  could  be  built  solid  and  of  good  durable  material. 
Most  of  the  air  would  then  get  into  the  inside  places  where  it 
is  required. 

In  order  to  prevent  undue  suspension  of  coal  dust  in  the  air 
in  the  inside  places,  in  case  the  above  method  of  working  was 
adopted,  it  would  be  necessary  to  drive  larger  crosscuts  between 
the  chutes  than  are  being  driven  under  the  present  system.  If 
this  system  were  adopted  a  higher  percentage  of  efificiency 
would  be  obtained  from  the  ventilating  systems  than  is  being 
obtained  under  the  present  system. 

The  author  strongly  advises  that  the  panel  system  of  work- 
ing, with  from  ten  chutes  to  fifteen  chutes  in  each  panel,  be  adop- 
ted in  all  the  mines  in  the  Crowsnest  Pass;  also,  that  solid  bar- 
riers of  coal  be  left  between  each  lift.  The  panel  system  has  been 
adopted  at  several  of  the  mines  but  not  at  all  of  them. 

The  advantage  of  the  panel  system  is  the  isolation  of  one 
section  of  the  mine  from  another.  In  case  of  any  section  be- 
coming dry  and  dusty,  it  could  be  more  easily  and  thoroughly 
protected  with  a  water  spraying  system,  or  a  series  of  inert  dust 
barriers.  Should  an  explosion  occur  in  such  a  place,  it  would 
not  be  so  likely  to  spread  to  the  other  sections  of  the  mine, 
which  has  lamentably  been  the  case  in  more  than  one  instance 
where  the  wide  open  system  has  been  practised,  and  where  no 
attempt  at  isolating  one  section  of  the  mine  from  another  has 
been  attempted.    The  panel  system  supplies  this  deficiency. 
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In  conclusion  the  author  offers  the  following  suggestions  to 
the  officials  of  the  mines  in  the  Crowsnest  Pass : 

1.  Adopt  the  panel  system  of  working. 

2.  Leave  solid  barriers  of  coal  between  lifts. 

3.  The  driving  of  a  dip  entry  for  an  intake  airway. 

4.  The  enlarging  of  crosscuts  between  chutes. 

5.  The  elimination  of  explosives  in  the  blasting  of  coal. 

6.  Do  not  allow  the  removal  of  bodies  of  gas  during  the 
time  that  the  majority  of  the  workmen  are  in  the  mine,  whether 
or  not  the  mine  be  dry  and  dusty. 

7.  The  installation  of  a  water  spraying  system,  or,  where 
that  is  not  possible,  the  installation  of  inert  dust  barriers  in 
all  roads  leading  from  the  dry  and  dusty  section  to  other  sections 
of  the  mine. 

8.  That  the  very  careful  attention  of  all  mine  officials  be 
directed  to  the  ventilation  and  presence  of  gas,  and  dry  coal 
dust  in  the  mines. 

9.  That  the  officials  of  all  the  mines  should  make  an  effort 
to  enlist  the  co-operation  of  their  workers,  and  the  worker 
should  endeavour  to  co-operate  with  the  officials  in  these  im- 
portant matters  which  so  vitally  affect  the  safety  and  welfare 
of  all  concerned. 


VENTILATING  MINES  WHEN  TIPPLES  ARE 
ON  FIRE 

By  Moses  Johnson,  Taber,  Alta. 

Rocky  Mt.  Branch,  Coleman  Meeting,  July,  1916. 

Every  year  numerous  tipple  fires  occur  in  Great  Britain. 
The  reason  of  this  is  that  a  very  considerable  percentage  of  the 
tipples  are  constructed  of  wood,  and,  after  having  been  in  use 
for  any  length  of  time,  parts  become  saturated  with  grease  and 
oil  and  so  are  highly  inflammable.  Frequently,  moreover,  in 
Britain,  where  different  seams  of  coal  are  worked  from  two 
shafts  at  a  distance  apart  of  from  75  to  100  feet,  one  large 
tipple  serves  both  (see  Fig.  4.)  In  the  present  paper  the  writer 
suggests  a  method  of  ventilating  mines,  worked  under  the  con- 
ditions described,  when  the  tipple  or  any  building  near  it  is  on 
fire. 

Suppose  that  a  fire  occurs  at  No.  1  shaft,  which  is  the 
downcast,  (sketch  No.  1)  and,  suppose  the  fan  is  exhausting  at 
the  time,  it  would  not  be  wise  to  keep  the  latter  continually 
exhausting,  for  the  smoke  and  gases  would  thereby  be  carried 
to  the  workmen,  with  disastrous  results;  nor  would  it  be  wise 
to  reverse  the  ventilation  if  the  mine  was  a  gaseous  one  as  the 
results  would  be  equally  disastrous ;  for  in  this  case,  there  would 
be  every  likelihood  of  an  explosion  if  the  return  air  was  at  an 
explosive  point.  Again,  if  any  air,  whether  intake  or  return, 
was  travelling  over  the  fire,  the  draft  would  certainly  feed  the 
flames.  Apparently  the  next  step  would  be  to  stop  the  fan  but 
this  would  have  many  disadvantages.  Thus,  if  it  were  decided 
to  stop  the  fan  the  air  might  continue  in  motion  in  its  ordinary 
course,  and  carry  with  it  sufficient  smoke  to  suffocate  a  number 
of  men  before  they  could  be  brought  out  to  safety;  or,  by  the 
help  of  the  fire,  the  air  might  reverse  of  its  own  accord  which 
would  be  dangerous  if  the  mine  was  gaseous.  On  the  other  hand 
the  air  might  continue  in  motion.  If  such  were  the  case  the 
doors  on  the  bottom  of  the  shaft  could  be  opened  in  order  to  short 
circuit  the  air.     Nevertheless,  a  great  amount  of  smoke  would 
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be  carried  down  the  shaft.  If  the  area  between  the  two  shafts 
was  small  the  air  would  probably  travel  into  the  workings 
charged  with  smoke.     If  the  area  was  sufficient  to  cause  natural 


Fig.  1 — Fan  exhausting  and  using  both  "D"  and  fan  drift  as  return.     The 
position  of  doors  in  case  of  fire  at  No.  1  Headgear.     By  closing  doors 
A.  A."  occupying  a  few  beconds  only,  the  mine  receives  fresh  air  from 
the  funnel  "B". 
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Fig.  2 — Fan  compressing,  using  funnel  "C"  as  intake  and  funnel  "B"  as  return. 
In  the  case  of  non-gaseous  mine,  the  doors  "A.  A."  might  be  kept  open. 


ventilation  it  would  not  be  prudent  to  try  to  bring  the  workmen 
up  the  shaft  after  they  had  arrived  at  the  pit  bottom;  for  in  the 
case  of  an  accident  to  the  winding  engine  which  would  necessi- 
tate the  cages  being  kept  in  the  shaft  any  length  of  time,  the 
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men  would  be  suffocated — unless,  of  course,  rescue  apparatus 
were  used.  Again,  if  the  fire  was  on  the  return,  and  the  doors 
were  thrown  open  to  short  circuit  the  air,  this  would  act  as  a 
feeder  for  the  fire.  The  writer's  method  to  overcome  these 
difficulties  would  be  to  provide  a  funnel,  (see  "B."  Fig.  l)of  not 
less  than  four  feet  in  diameter.  This  funnel  would  be  laid  from 
2  to  4  feet  below  the  ground,  be  from  250  to  300  feet  in  length  and 
connected  with  the  shaft.  If  the  fire  existed  at  No.  1  head- 
gear (No.  1  shaft)  and  the  fan  were  exhausting,  the  steel  doors 
"A  A."  in  shaft  No.  1,  should  be  closed;  the  mine  would  then 
receive  its  air  from  funnel  "B."  By  this  method  the  mine 
would  not  receive  the  same  quantity  of  air  as  formerly,  but,  no 
doubt  would  receive  sufficient  air  to  ensure  that  the  men  would 
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not  be  overcome  by  smoke,  since  smoke  could  only  enter  by 
leakage  through  the  doors  "A. A."  If  the  fan  was  being  used 
as  a  force  fan  at  the  time  the  fire  was  at  No.  1  headgear,  No.  1 
shaft  would  be  the  return  now,  and,  providing  the  mine  was  a 
nongaseous  one  the  fan  could  then  be  left  running,  and  the 
return  air  would  be  discharged  through  funnel  "B."  instead  of 
over  the  fire.  This  would  call  for  the  doors  "A. A."  to  be  closed, 
in  which  case  there  would  be  a  small  leakage  only.  Should  the 
mine  be  a  gassy  one,  it  would  be  necessary  to  reverse  the 
ventilation  as  soon  as  possible,  and  close  the  doors  "A. A." 

If  the  fire  was  at  No.  2  headgear.  No.  2  shaft,  with  the  fan 
exhausting,  and  the  mine  a  gassy  one,  it  would  be  dangerous 
to  keep  the  fan  running,  and  use  No.  2  shaft  as  a  return  airway, 
since  particles  of  burning  material  from  the  casing  and  headgear 
would  then  be  carried  into  the  fan  drift  and  come  in  contact 
with  the  return  mixture  of  air  and  gas.  Therefore,  in  this  case 
the  air  should  be  reversed,  and  at  the  same  time  the  fan  should 
receive  its  air,  through  funnel  "C."  instead  of  through  the  or- 
dinary channel  via  "C.C."  The  funnel  "C"  would  be  the  same 
length  and  same  size  as  funnel  "B." ;  then  the  mine  would  receive 
pure  air  from  a  distance  of  some  300  feet  away  from  the  fire. 
In  cases  where  the  fan  is  situated  close  to  the  tipple,  with  a 
short  drift  to  the  shaft,  a  great  quantity  of  smoke  would  enter 


Fig.  4 — Sketch  showing  position  of  shafts  served  by  one  wooden  tipple. 
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the  mine  through  the  doors  "C.C."  When  the  air  is  reversed, 
however,  it  is  discharged  from  the  fan  through  funnel  "D." 
This  necessitates  the  closing  of  doors  "E.E."  in  the  fan  drift  as 
well  as  doors  "B.B."  in  No.  2  shaft.  The  leakage  through  the 
doors  "E.E.",  "B.B.,"  would  no  doubt  fan  the  fire  but  then  it 
would  prevent  an  explosion  which  might  cause  great  destruction 
to  life  and  property. 

Should  the  mine  be  a  non-gassy  one,with  the  fan  exhausting, 
it  should  then  be  kept  exhausting,  but  doors  "E.E.,"  "B.B.," 
must  be  closed.  After  the  fire  had  been  burning  for  a  short 
time  the  casing  or  boxing  around  No.  2  headgear  would  be 
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Fig.  5 — Sketch  showing  position  of  sand  boxes,  dimensions  of  which  are 
S'xS'x  10'.  They  would  each  hold  250  cu.  ft.,  sufficient  to  cover 
the  doors  of  the  largest  shafts. 


consumed,  the  fan  would  then  take  its  air  by  the  route  of  least 
resistance.  This  would  be  over  the  fire  and  through  the  fan 
drift.  Therefore  the  doors  "E.E.,"  "B.B.,"  should  be  closed 
in  order  to  cut  off  the  airway  that  leads  to  the  fire.  Again,  if 
the  fan  was  being  used  for  forcing — whether  the  mine  was  a 
gassy  one  or  not — the  fan  should  still  be  used  as  a  forcing  fan, 
and  at  the  same  time  take  the  intake  air  from  funnel  "C."  and 
discharge  through  funnel  "D."  This  would  again  necessitate 
the  closing  of  doors  "E.E."  and  "B.B." 

When  there  is  a  fire  at  a  shaft  an  endeavour  is  always 
made  to  bring  the  workmen  to  the  surface  via  the  other;  but. 
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should  both  shafts  be  enveloped  before  all  the  men  were  with- 
drawn, then  it  would  be  possible  to  ventilate  the  mine  for  days 
with  the  arrangement  described,  and  the  men  could  be  with- 
drawn after  a  winding  gear  had  been  erected  and  the  fire  extin- 
guished. 


^ »*•«*»  ^\rd,iu 


Fig  6 — Sketch  of  shaft  doors. 

Supposing  both  headgears  were  enveloped,  and  the  mine 
was  being  ventilated  by  the  funnels,  the  leakage  through  the 
doors  in  the  return  airway  might  cause  an  explosion  if  the  mine 
were  a  gassy  one.  However,  this  leakage  could  be  overcome 
by  covering  the  doors  to  the  depth  of  one  foot  with  sand  ex- 
pelled from  two  boxes  built  around  the  shaft.  Shafts  from  20  to 
25  feet  in  diameter  would  take  from  300  to  500  feet  of  sand. 
This  could  be  held  in  two  boxes,  one  on  each  side  of  the  shaft, 
with  a  funnel  or  pipe  leading  into  the  shaft,  and  in  a  few  seconds 
the  doors  could  be  covered  with  sand,  which  would  also  act  as 
a  protection  against  falling  debris.  The  long  heavy  timber  would 
probably  bridge  itself  across  the  shaft;  but,  should  this  not  take 
place,  the  sand  and  small  debris  would  act  as  a  cushion  and  pre- 
vent serious  damage. 


\ 


Ventilation  in  Case  of  Tipple  Fires — Johnson      269 

It  is  advisable  to  have  two  sets  of  safety  catches  about  50 
feet  below  the  doors  "A.A.,"  and  "B.B.";  and  also  two  sets 
of  safety  catches  in  the  shafts  placed  about  75  feet  from  the 
bottom,  because  of  the  possibility  of  the  fire  getting  beyond 
control  and  destroying  the  winding  ropes  and  headgear.  The 
safety  catches  could  be  worked  with  long  levers  from  the  sur- 
face and  bottom  respectively.  If  a  cage  was  at  the  top  when  the 
winding  rope  burned  through,  or  the  headgear  destroyed,  it 
would  then  probably  destroy  the  doors  "A. A.,"  or  "B.B.,"  and 
thus  disarrange  the  ventilation.  The  doors  (Fig.  3)  should  be 
made  in  six  pieces  and  hinge  on  a  central  steel  girder  fitted  in 
the  brick  lined  walls  of  the  shaft.  If  the  shaft  was  fitted  with 
wire  rope  guides,  a  partition,  the  thickness  of  the  rope-guide, 
would  have  to  be  left  between  Nos.  1  and  2 ;  Nos.  2  and  3 ;  Nos. 
4  and  5 ;  and  Nos.  5  and  6  doors,  so  that  they  would  close  freely. 
In  the  centre  doors  of  each  side  of  the  girder  (No.  2  and  No.  5 
doors)  a  slot  is  cut  in  the  centre,  so  that  the  doors  will  close 
freely  around  the  winding  rope.  When  these  doors  are  closed 
they  would  rest  on  an  iron  ring  around  the  shaft,  secured  very 
strongly  in  the  brick  wall.  A  steel  flap,  or  drop  cover,  could  be 
arranged  to  cover  the  partitions  and  slots  which  then  would 
make  the  doors  practically  airtight.  These  doors  would  be 
made  naturally  of  the  strongest  material  because  of  the  work 
they  might  be  called  upon  to  perform. 


CONSTRUCTION  OF  MINE  SHAFTS  OF  GREAT  DEPTH 
THROUGH  WATER-BEARING  SOIL. 

By  J.  W.  Doty. 

Annual  Meeting,  Ottawa,  1916. 

Prior  to  the  year  1890  few,  if  any,  shafts  on  this  continent 
had  been  constructed  through  water-bearing  soils  or  through 
fine  sands  to  a  depth  greater  than  50  feet  below  ground  water 
level.  Only  shaft  sinking  of  a  relatively  inexpensive  character 
and  shafts  relatively  easy  to  construct  by  means  of  the  timber 
drop  method  were  undertaken.  In  this  connection  it  may  be 
of  interest  to  refer  briefly  to  the  methods  employed  at  the  period 
above  mentioned  for  contructing  deep  foundation  piers  through 
water-bearing  materials.  These  methods  comprised:  (1)  The 
drop  shaft  method,  which  permitted  the  water  encountered  to  be 
coped  with  inexpensively;  the  method  was  applicable  when 
sinking  through  material  that  had  no  tendency  to  flow  during 
pumping  operations.  (2)  The  employment  of  open  dredging 
caissons  for  piers  of  large  dimensions  and  of  great  depths;  this 
method,  however,  was  seldom  utilized  because  of  the  uncertainty 
of  the  results  obtained.  (3)  The  pneumatic  method;  this 
was  commonly  employed  in  cases  where  the  drop  shaft  method 
was  impracticable,  or  for  construction  at  depths  ranging  from 
40  to  100  feet  below  low  water.  (4)  The  freezing  method; 
this  however  was  not  employed,  except  experimentally,  in 
America  until  after  1890. 

The  drop  shaft  method  is  utilized  in  cases  where  little  or  no 
water  is  encountered  and  where  the  soil  is  sufficiently  firm  to 
enable  workmen  to  excavate  in  advance  of  the  lagging.  Where 
soil  conditions  are  favourable  it  is  of  course  possible  to  dig  for 
a  distance  of  several  feet  without  bracing;  but  where  water  even 
in  moderate  quantities  is  encountered,  or  where  the  movement 
of  the  soil  is  excessive  the  advance  in  excavation  is  not  more  than 
ten  or  twelve  inches. 

The  open  dredging  method  consists  of  sinking  by  means  of 
clamshell  or  orange-peel  buckets,  the  walls  being  built  up  as  the 
sinking  proceeds.      These   caissons  usually  are  built  larger  in 
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Fig.  1. 
Typical  caisson-construction  for  bridge  piers. 
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diameter  than  that  of  the  finished  pier  so  as  to  allow  for  lateral 
movement  when  the  sinking  is  in  progress.  The  heavy  steel 
cutting  edges  used  in  connection  with  this  method  are  illustrated 
in  Fig.  1. 

Referring  to  the  pneumatic  method  it  may  be  well  to  define 
for  those  not  familiar  with  the  subject  that  caissons  are  air-tight 
circular  or  rectangular   chambers,  provided   with   a   roof   and 
walls  but  having  no  floor.     On  the  roof  of  this  chamber  the  mat- 
erial that  enters  into  the  construction  of  the  pier  is  placed. 
Through  this  concrete  mass,  shafts  or  openings  are  provided  to 
connect  working  chamber  with  the  air-lock.     When  the  caisson 
is  sunk  to  the  water  level,  air  is  forced  into  the  chamber,  and  by 
the  force  of  pressure  maintains  the  water  at  the  level  of  the 
bottom  of  the  surrounding  walls  or  cutting  edge,  and  also  prevents 
the   inflow   of   quicksand.     The   airlock  retains   the   necessary 
pressure  in  the  working  chamber  and  at  the  same  time  enables 
the  workmen  as  well  as  the  excavated  material  to  enter  and 
leave  the  caisson.     The  caisson  is  sunk  by  undermining,  which 
is  aided  by  the  weight  of  the  concrete  on  the  roof,  and  if  necessary 
by  means  of  additional   temporary  weights,   pig  iron  usually 
being  employed  for  this  purpose.     The  excavated  material  is 
hoisted  in  buckets,  usually  by  means  of  a  derrick.     When  the 
caisson  rests  finally  on  rock,  and  after  the  rock  surface  has  been 
cleaned  carefully,  the  working  chamber  and  shaft  are  filled  with 
concrete.     The  pier  is  then  carried  up  to  the  required  grade. 
In  the  early  type  of  rectangular  caisson  the  walls  and  deck  were 
of  wood,  sometimes,  however,  replaced  by  heavy  steel  when  the 
pier  was  large  and  circular  in  form. 

In  Europe  a  number  of  shafts  have  been  sunk  by  means  of 
the  freezing  method;  but  in  America  this  method  has  not  been 
employed  to  any  great  extent.  Even  when  successfully  applied 
the  progress  made  is  slow;  moreover,  numerous  difficulties  are 
frequently  experienced,  such  as  the  occasional  bursting  of 
freezing  pipes.  When  this  happens  the  brine  escapes  into  the 
soil  which  then  cannot  be  frozen. 

In  the  operation  of  constructing  a  deep  shaft  through  water 
bearing  materials,  the  most  impotant  considerations  are: — 

(1)  Reasonable  initial  cost;  (2)  that  the  shaft  be  strong 
enough  to  resist  external  pressures  and  the  readjustment  of  the 
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Plate  1. 
Typical  construction  of  a  caisson  for  a  first  pier  for  a  draw  span. 

surrounding  soil ;   (3)  small  maintenance  cost;    (4)  that  the  shaft 
be  fire-proof;  and  (5)  that  it  be  watertight  and  plumb. 

Some  reference  may  now  be  made  to  some  of  the  important 
shaft-sinking  operations  in  America  during  the  past  twenty-six 
years.  The  first  to  be  mentioned  is  that  of  the  Mount  Lookout 
Coal  Company  at  Wyoming,  Pa.  This  work  was  undertaken 
in  or  about  1890  by  the  Sooysmith  Company,  then  regarded  as 
the  leading  firm  of  engineers  and  contractors  in  the  construction 
of  difficult  foundations.  They  were  required  to  sink  a  shaft 
through  water-bearing  quicksands.  The  approximate  depth  to 
ledge  rock  was  107  feet,  of  which  85  feet  represented  material 
that  was  completely  saturated.  The  contractors  adopted  the 
pneumatic  method;  and  the  side  walls  of  the  timber  caisson 
were  used  for  the  mine  shaft  lining.  The  work  was  commenced 
by  first  excavating  to  water  level  inside  of  an  octagonal  cofferdam ; 
the  octagonal  shape  was  selected  to  avoid  the  necessity  for  cross 
bracing.     The  caisson,  after  having  been  framed  inside  of  the 
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protecting  walls  of  the  cofferdam  was  sunk  by  the  pneumatic 
method  to  bed  rock  and  then  sealed  to  it.  After  sufficient  time 
had  been  allowed  for  the  cement  seal  to  set,  the  air  was  taken 
off  the  caisson  and  the  timber  deck  removed.  The  colliery 
company  desired  the  contractors  to  underpin  the  caisson  walls 
with  a  timber  lining  of  a  few  feet  into  the  rock.  Some  holes 
were,  therefore,  drilled,  as  a  result  of  which  it  was  found  that 
there  was  a  considerable  flow  of  water  upward  through  the  rock. 
The  drilling  was  continued  in  the  opening  for  some  considerable 
length  of  time,  but  the  flow  of  water  increased,  and  it  was  finally 
found  necessary  to  replace  the  deck  and  again  turn  on  air.  This 
enabled  the  excavation  to  be  carried  approximately  ten  feet  into 
the  rock,  and  the  seams  whence  the  water  had  come  were  effect- 
ively sealed.  A  timber  wall  three  feet  thick  was  then  built, 
packed  with  cement  mortar,  and  joined  to  the  caisson  above. 
After  the  air  had  been  taken  off  the  second  time  it  was  found  that 
the  difficulties  had  been  overcome.  From  experience  since  gained 
it  is  now  realized  that  in  the  design  for  the  Mount  Lookout 
shaft  insufficient  consideration  was  given  to  the  stresses  to  be 
resisted  in  a  material  of  the  nature  of  that  excavated.  The 
provision  against  fire  was  also  inadequate,  while  the  type  of 
lining  employed  necessitated  the  renewing  of  timbers. 

In  1892  a  shaft  100  feet  in  depth  through  75  feet  of  water- 
bearing material  to  ledge  rock,  was  successfully  constructed  in 
Michigan  by  the  freezing  method.  The  operation  was  an 
expensive  one  and  required  about  fifteen  months  to  complete, 
owing  to  the  fact  that  springs  and  running  water  were  encount- 
ered near  and  immediately  below  the  rock  surface,  thus  delaying 
unduly  the  freezing  of  the  soil. 

In  1896  a  shaft,  200  feet  deep,  known  as  the  Maas  Shaft, 
was  constructed  for  the  Cleveland  Cliffs  Iron  Company  at 
Negaunee,  Mich.  Here  the  timber  drop  shaft  method  was 
employed  to  sink  through  quicksand  to  ledge  rock.  125  feet  of 
the  material  was  saturated.  The  building  of  the  shaft  occupied 
about  30  months,  and  its  cost  is  believed  to  have  been  from 
$300,000  to  $500,000.  Six  years  after  its  completion  it  proved 
impracticable  for  service  and  was  replaced  by  a  permanent 
concrete  shaft. 

About  1904  the  Foundation  Company  was  invited  to  design 
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and  build  several  shafts,  varying  in  depth  from  70  feet  to  136 
feet.  A  notable  example  through  water-bearing  material  was 
the  Bangor  Shaft  at  Biwabik,  Minn.  This  shaft  was  136  feet 
deep  from  ground  level  to  ledge  rock,  with  a  water  head  of  100 
feet.  This  period  marked  the  beginning  of  the  construction  of 
shafts  of  the  open  dredging  reinforced  concrete  type. 

Plate  2  shows  a  typical  deep  mine  shaft  of  the  earlier  re- 
inforced concrete  type.  Attention  is  called  particularly  to  the 
heav}'  steel  cutting  edge  and  trusses  used.  It  will  be  observed 
that  the  former  is  similar  in  design  to  those  used,  in  1890,  for 


Plate  2 
North  Lake  Shaft  No.  1.     Shoe  with  some  reinforcing  in  place. 


bridge  pier  work.  The  steel  was  always  shipped  to  the  location  of 
the  shaft,  'knocked  down',  and  assembled  in  the  field.  Plate  3 
is  a  view  of  the  shaft  with  the  first  section  of  outside  and  inside 
forms  placed  in  position  ready  for  the  concrete.  Both  the  hori- 
zontal and  the  vertical  reinforcing  is  fastened  to  the  shoe.  The 
interior  steel  cone  which  gives  the  cutting  edge  its  wedge  shape 
is  also  shown.  A  closer  view  of  the  forms  as  erected  for  concreting 
is  shown  in  Plate  4.  The  outside  forms  are  made  of  steel  plate, 
and  are  raised  from  time  to  time  as  the  concreting  progresses; 
while  the  inside  forms  are  constructed  usually  of  wood  and  angle 
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Plate  3 
North  Western  Shaft. 


iron.  When  the  shaft  has  been  erected  to  a  sufficient  height 
sinking  is  commenced  (Plate  5).  As  previously  stated,  the 
excavation  in  sinking  is  done  with  clamshell  or  orange-peel  buc- 
kets. It  has  been  found  necessary  in  most  instances  to  seal  off 
the  shafts  to  the  rock  under  air  pressure.  The  provision  of  air 
to  the  caisson  has  been  facilitated  by  the  erection  of  a  10' 
diameter  steel  dredging  well,  which  is  bolted  to  the  cone.  This 
steel  cylinder  is  made  in  sections,  which  are  bolted  together  as 
the  concrete  walls  of  the  shaft  are  built  up.  Through  it  the 
dredging  is  carried  on.   Plate  6  shows  the  excavation  and  sinking 


Shafts  Through  Water-bearing  Soil — Dotv         277 


Plate  4— North  Lake  Shaft  No.  1. 


Plate  5— The  shaft  built  to  a  height  to  permit  sinking  to  be  commenced. 
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Plate  6 

North  Lake  Shaft,  showing  dredge  at  work.     Pig  iron  is  placed  on  the 
high  side  to  make  shaft  plumb. 


Plate  7 
North  Lake  Shaft,  view  from  the  top  of  the  derrick,  showing  eccentric  loading 
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Plate  8 
North  Lake  Shaft  No.  10. 
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in  progress.  As  the  skin  friction  on  the  outer  face  of  the  sinking 
wall  of  the  shaft  increases,  it  is  often  found  necessary  to  add 
weight  to  overcome  this  resistance.  Pig  iron  is  used  for  this 
purpose,  (see  Plate  7).  The  shaft  here  referred  to  was  sunk 
during  cold  weather;  hence  to  protect  the  concrete  before  it 
became  set,  a  temporary  housing,  roofed  with  a  large  tarpaulin 
after  concreting,  was  employed.  As  previously  stated,  sealing 
the  caisson  to  the  rock  has  in  almost  all  instances  been  done  by 
the  pneumatic  process.  To  change  from  the  open  method  to 
compressed  air,  a  lock  of  the  type  shown  in  Plate  8,  having  a 
diaphram  at  its  lower  end,  is  bolted  to  the  10'  steel  shafting. 
Then  the  air  pressure  having  been  applied  and  the  water  driven 
out  through  the  soil,  the  rock  surface  is  cleaned  off  and  the 
caisson  wall  joined  to  the  rock.  The  water  tightness  of  the  joint, 
rendered  possible  by  the  pneumatic  process,  is  illustrated  in 
Plate  9. 


Plate  9 
Showing  water-tight  joint. 
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The  Woodward  shaft  at  Wilkes  Barre,  Pa.,  was  constructed 
for  the  Delaware  Lackawanna  &  Western  Ry.,  in  1907.  This  was 
the  largest  shaft  of  its  kind  that  had  been  constructed  to  that 
date.  It  consisted  of  three  compartments,  namely  a  ventilating 
shaft,  a  man-way,  and  a  pump  compartment;  and  was  construct- 
ed to  enable  the  working  of  certain  coal  measures  which  it  had 


Plate   10 

Woodward  Shaft,  Wilkes  Barre. — First  Section  (5'  00")  inside  forms  in  position. 
Note  also  the  heavy  cutting  edge  on  sho3  employed. 


not  been  practical  to  ventilate  from  an  existing  shaft,  three  miles 
distant.  Views  of  the  new  shaft  are  given  in  Plates  10,  11  and  12. 
In  the  latter  illustration  the  recesses  for  the  buntins,  which  were 
built  as  the  shaft  was  sunk,  will  be  observed.  The  elliptical 
shaped  openings,  really  circular  in  form,  are  communicating 
passages  between  the  man  and  pump  shafts.  It  may  be  added  that 
after  the  shaft  was  landed  on  rock  and  sealed  off,  the  walls  were 
underpinned  a  goodly  distance  into  the  rock. 
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Plate  11 

Woodward  Shaft,  Wilkes  Barre — Here  both  the  inner  and  outer  first  sections 

the  forms  have  been  set  up,  and  the  heavy  re-inforcement  immediately 

above  the  cutting  edge  has  been  put  in  place.     The  preliminary 

excavation  to  the  water  level  was  made  before 

starting  the  caisson  erection. 


of 


In  1909,  the  company  with  which  the  writer  is  associated 
constructed  a  shaft  at  Hibbing,  Minnesota,  for  the  Tod-Stam- 
bough  Company.  The  depth  from  the  ground  surface  to  the  rock 
ledge  was  190  feet,  with  a  water  head  of  approximately  165  feet. 
It  was  attempted  to  build  this  stiucture  by  means  of  a  single  drop 
shaft,  which  after  twelve  month's  work,  was  carried  to  a  depth  of 
170  feet  only,  all  efforts  to  gain  a  further  distance  being  un- 
availing. This  failure  was  due  in  part  to  the  friction  on  the 
sides  of  the  shaft,  and  in  part  to  the  hardness  of  the  strata  at  this 
depth.  The  shaft  was  completed  finally  by  employing  a  combina- 
tion of  pumping  and  the  pneumatic  methods.  The  general 
operation  may  be  outlined  as  follows:  First,  a  timber  deck  loosely 
fitting  the  inside  of  the  shaft  was  constructed.    This  was  floated 
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Plate  12 

Woodward  Shaft,  looking  up  one  of  the  compartments, 
shows  the  recesses  for  the  buntins. 


The  photograph 


down  to  within  ten  feet  of  the  cutting  edge  by  pumping  out  the 
water.  At  this  depth  a  recess  was  cut  into  the  surrounding  wall 
of  the  caisson.  On  the  top  of  the  deck,  and  bonded  into  the 
notch,  was  deposited  a  concrete  seal  of  about  12  feet  thick.  When 
this  concrete  had  set  the  shaft  was  pumped  out  and  holes  drilled 
through  the  sides  of  the  shaft  just  above  the  top  of  the  concrete 
plug.  When  these  were  completed,  the  valves  were  opened,  and 
the  shaft  converted  into  a  sump.  After  several  weeks  of  pumping, 
a  large  basin  around  the  shaft  was  drained  and  kept  dry  to  enable 
the  pneumatic  method  to  be  applied,  the  remaining  20  feet  of  the 
shaft  being  underpinned  by  this  method.   In  Plate  13  is  presented 
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Plate  13 

Morton  Shaft  as  it  appeared  August  19,  1909.    26'  1"  concrete  above 
ground  level. 


a  view  of  the  Morton  shaft  in  the  course  of  construction.  As  the 
illustration  shows,  a  ring  of  plate  forms  is  being  added  so  that 
additional  concrete  may  be  poured  to  secure  further  weight  for 
sinking.  To  gain  the  170  feet  in  depth,  it  was  found  necessary 
finally  to  place  additional  weight  on  the  platform,  (see  Plate  14) 
and  for  the  purpose,  in  this  instance,  earth  dredged  from  the 
interior  of  the  shaft  was  used.  Later  the  earth  was  replaced  with 
a  concrete  load  of  about  the  dimensions  shown.    A  view  of  the 
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Plate  14 

Morton  Shaft.    The  work  of  placing  the  temporary  load  on  the  top  of  the  shaft 

by  means  of  a  clam-shell  and  spliced  boom  has  just  been  completed.    The 

boom  is  85  feet  long,  Elevation  top  of  concrete  plus  26'  1 ".    Capacity  of 

crib  600  tons.     Elevation  cutting  edge  minus  159'  4". 


completed  shaft  is  presented  in  Plate  15.  It  will  be  noted  that 
the  opening  finally  cut  through  the  concrete  plug  is  rectangular 
in  shape. 

The  contract  for  the  reconstruction  of  the  Maas  Shaft  at 
Negaunee,  Mich.,  was  undertaken  in  1910.  The  old  shaft,  had 
at  that  date  become  practically  useless  on  account  of  its  faulty 
alignment.    The  necessity  of  constant  timbering  to  keep  the  shaft 
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Plate   15— Morton  Shaft  completed. 


Plate  16— A  view,  looking  upward,  of  the  completed  Maas  Shaft. 
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from  falling  had  also  made  the  opening  too  small  to  operate 
standard  equipment.  Owing  to  the  depth  of  the  shaft  below  rock 
surface,  it  was  necessary  to  construct  a  new  shaft  on  the  side  of 
the  old  one.  This  meant  that  the  old  timber  portion  of  the  shaft 
would  have  to  be  removed  while  the  new  one  was  being  built. 
In  doing  this  the  first  hundred  feet  were  sunk  using  timber  crib 
construction,  set  in  place  by  the  underpinning  method.  At  this 
depth  a  reinforced  concrete  shaft  was  built.  This  shaftwas  carried 
to  the  rock  ledge  by  the  pneumatic  method,  the  old  shaft  being 
removed  as  the  sinking  progressed.  After  the  concrete  shaft  had 
been  sealed  to  the  rock  ledge,  concrete  walls  were  carried  to  the 
surface.  The  bleeding  pipes  which  were  constructed  through 
the  shaft  walls  just  above  the  deck  of  the  working  chamber,  were 
not  used,  as  the  pressure  from  the  water  in  the  soil  at  no  time 
became  so  great  that  the  pneumatic  method  could  not  be  em- 
ployed. It  is  also  worthy  of  mention  that  this  shaft,  although 
constructed  under  difficult  conditions,  cost  (including  the  removal 
of  the  old  shaft)  one  hundred  and  ten  thousand  dollars  only,  and 
was  built  in  about  seven  month's  time. 

In  1911,  the  contract  was  undertaken  for  the  construction  of 
a  shaft  for  the  St.  Albert  Collieries  Co.,  near  Edmonton,  Alberta. 
Here,  the  ledge  was  located  by  borings  at  approximately  200 
feet  below  ground  level,  water  being  encountered  at  a  depth  of 
about  75  feet.  The  St.  Albert  Shaft  presented  a  problem  different 
in  many  respects  to  those  previously  mentioned.  The  principal 
difference  was  that  it  was  necessary  to  divide  the  sinking  into 
two  operations.  It  will  be  noted  (see  Fig.  2)  that  a  shaft  of  38' 
outside  diameter  and  30'  inside  diameter  was  carried  down  for 
a  distance  of  120'  below  ground  level.  Pumps  having  been 
installed  in  the  notches  shown  at  elevation  75',  the  hole  was 
pumped  out  and  the  inner  or  lower  caisson  constructed.  This 
portion  of  the  shaft  had  a  section  of  27'  outside  diameter  and  an 
interior  opening  of  14'  8"  x  15'  4".  The  lower  shaft  was  built 
with  two  recesses;  one  a  short  distance  from  the  cutting 
edge  and  the  other  near  the  top  of  the  shaft.  These  served  for  the 
placing  of  a  timber  deck  in  case  it  were  found  necessary  to  com- 
plete the  sinking  to  rock  by  the  pneumatic  process.  Immediately 
above  these  notches,  holes  through  the  wall  were  left  for  pumping 
should  this  be  necessary  in  order  to  reduce  the  pressure  inside  the 
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Fig.  2— Section   of  St.  Albert  Shaft. 
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Shaft  No.  3.  St.  Albert  colliery— Section  showing  the  character  of  the  material 
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Operations  to  be  lollov.eti  in  numerical  order. 

1.  Malce  grout  holes,  and  grout  up  as  indicated. 

2.  Cut  away  first  section  of  plug  as  uhown. 

3.  Excavate,  and  place  portion  of  lining  before  cutting 

plug  to  full  size. 

4.  Cut  away  second  section  of  plug  as  shown. 

5.  Cut  away  third  and  last  section  of  plug  to  full  open- 

ing, and  commence  lining  upwards. 


Fig.   3 
St.  Albert's  Shaft  proposed  method  of  opening  seal. 


Plan  showing  spacing 

of  Grout  Pipe. 

1-8":  1 


working  chamber.  The  soil  here  consisted  of  clay  and  sand,  from 
elevation  0'  to  elevation  107'.  Form  107'  to  elevation  132', 
blue  clay  was  passed  through.  The  stiffness  of  the  latter  through- 
out a  portion  of  its  depth  greatly  facilitated  the  erection  of  the 
lower  shaft  by  reducing  the  amount  of  pumping  when  building  the 
first  part  of  the  lower  shaft.  From  elevation  132'  to  the  shale  rock, 
(practically  elevation  200') ,  sand  and  a  find  gravel  were  found.  The 
joint  with  the  rock  was  made  by  lowering  to  bedrock  a  weighted 
timber  box  of  conical  shape.  Around  this,  was  packed  concrete 
(a  1-2-4  mixture)  by  means  of  deep  sea  buckets.   The  grout  pipes 
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were  carried  to  the  surface  of  the  ground.  After  the  concrete  had 
been  allowed  considerable  time  to  set,  grout  was  forced  through 
these  pipes,  and  still  more  time  allowed  for  the  setting.  The 
water  was  then  pumped  out  of  the  interior  well  and  excavation 
made  through  the  concrete  plug  shown  by  the  cross-sectioned 
area.  (Fig.  3).  During  this  operation,  very  little  water  was 
encountered.  Such  slight  seepage,  as  that  which  ran  into  the 
interior  soon  ceased  directly  the  material  outside  of  the  concrete 
wall  filled  up  the  interstices.  It  may  be  stated  that  the  contract 
for  this  shaft  was  on  the  basis  of  sealing  to  ledge  at  a  depth  of 
200',  but  as  the  ledge  was  of  a  soft  shale  and  it  was  impossible 
to  make  a  proper  seal  at  this  elevation,  the  shaft,  was  dropped 
lower,  and  excavation  made  to  approximately  215',  where  a 
better  grade  material  was  encountered  and  seal  made  at  that  point 
The  work  below  elevation  200  was  done  on  a  cost  plus  percentage 
basis.  The  method  employed  for  this  work  was  most  inter- 
esting. It  was  dependent  on  depositing  concrete  through  this 
great  depth  of  water,  and  at  the  same  time  ensuring  that  it 
should  be  of  such  good  quality  to  permit  the  cutting  out  of  the 
greater  portion  of  it  subsequently.  The  work  below  200  feet 
was  done  on  a  commission  basis,  and  in  consequence  the  details 
of  the  operation  and  the  method  employed  were  planned  in 
cooperation  with  Mr.  Charles  Fergie,  the  colliery  company's 
chief  engineer,  whose  valuable  advice  and  sound  judgment  were 
valuable  in  completing  the  deepest  and  most  difficult  shaft 
which  has  been  constructed  in  America  to  date. 

In  conclusion,  it  is  only  fair  to  state  that  many  deeper 
shafts  than  those  here  described  have  been  constructed  in 
Europe  through  water  bearing  materials.  The  European 
methods,  however,  are  costly  and  slow,  and  consequently  are 
not  applicable  to  the  construction  of  the  relatively  shallow  shafts 
ordinarily  demanded  in  America. 


AN  ACCOUNTING  SYSTEM  FOR  COAL  MINES 

By  R.  J.  Maxwell,  Pocahontas,  Alta. 

Of  late  years  a  great  many  articles  have  appeared  in  the  trade 
journals  of  the  various  industries  dealing  with  the  subject  of  cost 
and  accounting  methods  and  systems.  Most  of  the  articles  urge 
the  necessity  of  paying  more  attention  to  the  cost  and  accounting 
end  of  the  business,  and  dangle  before  the  eyes  of  executives  the 
great  benefits  which  accrue  from  the  more  intimate  knowledge 
obtained  of  the  cost  of  production.  The  majority  of  executives 
admit  their  belief  that  the  subject  deserves  considerably  more 
thought  and  attention  than  it  receives,  but  are  either  frightened 
at  the  thought  of  the  initial  outlay,  or,  being  practical  coal  oper- 
ators and  not  accountants,  do  not  know  how  to  go  about  the 
introduction  of  the  new  methods  and  so  allow  the  whole  thing  to 
slide.  The  terms  'Cost  System,'  'Accounting  System,'  'Cost 
Accounting  System,'  etc.,  are  unfortunately  associated  in  the 
minds  of  many  practical  men  with  annoying  red  tape,  a  large 
office  force,  a  deluge  of  nicely  ruled  forms,  and  consequent  high 
printing  bills.  I  believe  this  attitude  is  due  to  the  fact  that  of 
late  years  there  has  arisen  a  great  demand  for  systematizing 
accounts,  and  many  auditors  and  accountants,  utterly  un- 
fitted for  this  work,  not  having  any  knowledge  or  training  in 
factory  and  workshop  practice,  have  tried  to  meet  this  demand, 
and  having  drawn  up  a  series  of  forms,  have  endeavoured  to  lit 
them  to  all  classes  of  business.  Under  these  circumstances  there 
was  naturally  a  high  percentage  of  failures,  and  managers  were 
faced  by  the  problem  of  either  putting  in  an  elaborate  and  ex- 
pensive system,  (which  might  prove  a  failure)  or  none  at  all. 
Here  I  may  say  that  a  system  to  be  efficient  must  be  simple  and 
easily  understood  by  every  person  who  has  any  connection  with 
it  and  it  must  be  economical  or  it  defeats  its  own  purpose,  which 
is  to  obtain  the  maximum  amount  of  expense-saving  information 
at  a  minimum  cost.  It  is  the  object  of  this  paper  to  lay  before 
practical  coal  operators,  as  simply  and  lucidly  as  the  writer 
knows  how,  a  more  or  less  complete  system  of  accounts,  showing 
the  method  of  obtaining  costs,  and  their  correlation  with  the 
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Figure  I. 

CHART  OF  ACCOUNTS 

Assets — 

Cash  on  Hand. 

Imprest  Cash  Fund. 

Bank. 

Notes  Receivable. 

Accounts  Receivable. 

'Tipple  Building. 

Tipple  Equipment. 

Power  House  Building. 

Power  House  Equipment. 

Camp  Buildings. 

Horses. 

Mine  Cars. 

Coal  Cutting  Machinery,  etc.,  etc. 

(Cottages. 
Water  Supply. 
Roads  and  Grading. 
Electric  Wiring. 


Buildings  and  Equipment 


Townsite . 


Mine  Supplies 

Mine  Timber .  .  .  . 
Lumber,  etc.,  etc. 


Mining    Operations, 
Outside  Expenses. 


Tipple  Expense . 

Stable  Expense . . 

Water  Supply. 
Repairs  Outside . 


Inventory  Accounts. 


fWeighman. 
)  Tipplemen. 
I  Box  Car  Loaders. 
[Picking  Table. 


General  Expense . 


Management . 


Labour. 

Feed. 

Harness. 

Sundries. 

Repairs  to  Wagons. 

fBuildings. 

I  Power  House  Equipment. 
Tipple  Equipment. 
[Outside  Tracks. 

(Miscellaneous  Outside. 
Shops. 
Teaming. 
Generating  Power. 

(Superintendence. 
Mine  Clerks. 
Mining  Engineers. 
Office  Expense. 


Royalties. 
Rentals. 
Taxes. 
Insurance,  Fire. 

Liability. 
Depreciation. 
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I 


Mining    Operations 
Inside  Expenses. 


(Chutes. 
Tracks. 
Yardage. 


Mining 

Timbers  and  Props . 

Ventilation 


Haulage . 


Pumping . 


Repairs  Inside. 


General  Expense . 


fRooms  and  Narrow  Work. 
Pillar  Work. 
[Yardage. 

fRound  Timbers. 
I  Split  Timbers  Lagging. 
Putting  in  Place. 
[Timber  Packers. 

Fan  Engineers. 

Fire  Bosses  and  Shot  Light- 
ers. 

Brattice  Work,  Labor  and 
Material. 

Lamps. 

Trappers. 

Chute  Loaders. 
Car  Checkers. 
Drivers  and  Runners. 
Engineers  and  Rope  Riders. 
Oil  and  Oiling. 

(Pumpmen. 
Pipes  and  Fittings. 
Repairs  to  Pumps. 
Pumpways  and  Pumps. 

Coal  Cutting  Machinery. 

Tracks. 

Gangways  and  Airways. 

Mine  Cars. 

Shafts  and  Slopes. 

Power  Line. 

("Miscellaneous  Inside. 
AP'it  Bosses. 
[Wash  House. 


Mining  Operations, 
Extraordinary  Expenses. 

[Rentals  Unexpired. 
Suspense ]  Fire  Insurance,  unexpired. 

[Advertising,  Catalogues. 
Wages  Paid  in  Advance. 
Timber  Limit. 
Mining  Rights,  Etc.,  Etc. 

Liabilities. 

Notes  Payable. 

Accounts  Payable. 

Accrued  Wages  and  Salaries 

T5  i  Depreciation. 

Reserves  |^^^^g_ 

Miscellaneous  Liabilities. 
Capital  Stock. 
Profit  and  Loss. 
Surplus. 
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Fig.  II. 
MONTHLY  COST  SHEET 


Shipped 

Used  at  mines . 
Gross  tons: — 

This  month . 

Last  month . 


Days  worked . 


Detail  Operating  Expenses,  191, 


Outside  Expenses 

Labour 

Material 

Total 

Cost 
Ton 

Cost  per 

Ton  Last 

Month 

Tipple  Expenses 

Weighman 

— 

— 

— 

Tipple  Men 

Box  Car  Loaders 

Dirt  and  Rock  Bank 

Cleaning  Coal 

Tipple  Supplies 

— 

— 

— 

— 

— 

— 

Stable  Expenses 

Labour 

Feed 

Harness 

Sundries 

Repairs,  Wagons,  Etc. 

Water  Supply 

Repairs 

— 

Boilers 

Buildings 

Tipple 

— 

— 

— 

— 

Machinery 

Coal  Mines  Accounting  System — Maxwell 

Fig.  IL — (Continued) 


297 


Outside  Expenses 

Labour 

Material 

Total 

Cost 
per 
Ton 

Cost  per 

Ton  Last 

Month 

Tracks 

General  Expenses 

Miscellaneous 

Shops 

Generating  Steam 

— 

— 

Watchman 

Teaming 

Power  Plant 

Management 

Superintendence 

Clerks 

Mining  Engineers 

Office  Expenses 

Stationery 

Legal  Expenses 

Rental 

Royalty 

Insurance 

Liability 

Fire 

Taxes 

Depreciation 

Total  Outside  Exps. 
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Fig.  IL — (Continued) 


Inside  Expenses 

Labour 

Material 

Total 

Cost 
per 
Ton 

Cost  per 

Ton  Last 

Month 

Airways  and  Gangways 

Chutes 

Trucks 

Yardage 

Mining 

Rooms  and  Narrow  Work 

— 

— 

Pillars 

Yardage 

— 

— 

— 

Timbers  and  Props 

Round  Timbers 

Retimbering  Main  Entry 

Split  Timbers  and  Lagging 

Putting  in  place 

— 

Preparing  Timbers 

Timber  Packers 

Ventilation 

Fan  Engineers 

Fire  Bosses  and  Shot  Lighters 

Brattice  Men  and  Material 

Lamps,  Labour  and  Material 

Trappers 

Transportation 

Chute  Loaders 

Car  Checkers 

Drivers  and  Runners 

Engineers  and  Rope  Riders 
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Fig.  II. — (Concluded) 


Inside  Expenses 

Labour 

Material 

Total 

Cost 
per 
Ton 

Cost  per 

Ton  Last 

Month 

Oil  and  Oilers 

1 

Pumping 

1 

Pumpmen 

I 

Repairs  to  pumps 

Pipe  and  Fittings 

1 

Pumpways  and  Sumps 

Repairs 

Machinery 

Tracks 

Gangways  nad  Airways . 

Mine  Cars 

Locomotives 

Power  Line  (Air) 

General  Expenses 

Miscellaneous 

Pit  Bosses 

! 

Wash  House 

,1 

Total  Inside  Expenses 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

—' 

Improvements 

Total  Improvements 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

Recapitulation 

Outside  Expenses 

Inside  Expenses 

i 

Improvements 

Total  Expenses 
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general  books  of  accounts,  and  one  which  will  fill  the  bill  as 
regards  economy  of  operation. 

As  a  starting  point  a  chart  of  the  accounts  of  the  company 
is  a  useful  thing  to  have,  as  occasional  reference  to  it  will  enable 
the  General  Manager  to  keep  in  mind  the  various  channels 
through  which  the  data  have  to  go,  which  are  submitted  to  him 
in  finished  form,  and  also  serves  to  give  each  member  of  the  staff 
an  intelligent  conception  of  the  purpose  served  by  his  individual 
work.  This  is  important,  as  work  done  mechanically  by  a 
subordinate  and  without  a  proper  conception  of  the  use  made  of 
the  figures  he  produces,  is  very  likely  to  be  inaccurate;  on  the 
other  hand,  a  knowledge  of  the  final  use  made  of  this  work,  will 
probably  engender  a  lively  interest,  which  will  increase  his 
efficiency  and  enable  him  to  produce  more  accurate  work,  and 
result  in  the  more  economical  administration  of  his  department. 
Figure  1,  presents  an  outline  of  such  a  chart.  It  is  divided  into 
the  two  main  divisions  of  Assets  and  Liabilities.  The  chart 
should  be  laid  out  by  the  Chief  Accountant  in  consultation  with 
the  General  Manager  and  Superintendent,  when  such  controlling 
accounts  as  'Production  Account'  can  be  subdivided  into  as  many 
subsidiary  accounts  as  the  management  may  desire.  The  next 
step  will  be  to  lay  out  the  various  cost  data  required.  Figure  2 
is  an  example  of  a  simple  Cost  Sheet  which  shows  the  total  coal 
produced,  the  number  of  days  worked,  the  total  cost  of  labour 
and  material  by  departments,  cost  per  ton  by  departments,  and 
the  average  cost  per  ton  over  all  each  month.  With  the  exception 
of  such  items  as  Depreciation,  Insurance,  Taxes,  etc.,  the  Mine 
Superintendent  is  responsible  for  the  figures  produced  on  this 
sheet,  and  should  therefore  go  very  carefully  into  the  matter  of 
subdivisions  required  and  closely  scrutinize  the  various  items 
each  month.  In  this  connection  it  would  be  well  for  him  to  see 
that  the  persons  responsible  for  the  Daily  Time  Reports  and 
Material  Requisitions  have  a  clear  idea  of  the  various  cost  ac- 
counts, and  that  the  terms  used  shall  be  standard,  thus  ensuring 
that  each  item  shall  always  be  charged  to  the  correct  account 
and  true  comparisons  maintained.  Properly  handled  the  above 
Cost  Sheet  will  show  the  actual  cost  of  production  for  the  month, 
but  the  progressive  manager  will  not  be  content  with  obtaining 
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costs  monthly  and  will  desire  to  know  each  day  how  much  his 
departments  are  costing. 

This  brings  us  to  the  Daily  Cost  Sheet,  Figure  3.  This  sheet 
differs  from  the  monthly  one  in  several  respects;  material  items 
are  not  charged  to  specific  accounts  but  are  assembled  in  the 
summary  under  the  heading  of  Supplies,  the  various  classes  of 
labour  are  given  in  more  detail,  and  monthly  salaries  and  such 
items  as  Insurance  and  Taxes  are  given  under  the  heading  of 
Overhead  Expense.  Naturally  a  daily  cost  must  be  an  approx- 
imation, but  a  careful  analysis  and  distribution  of  the  monthly 
charges  is  all  that  is  needed  to  make  it  a  very  close  approximation 
which  is  all  that  most  men  ask  for.  The  coal  production  for  the 
day  is  obtained  from  the  flow  sheet  or  tonnage  report  sent  in  to 
the  office  each  day  by  the  tipple  weighman.  The  labour  amounts 
are  filled  in  by  the  timekeeper  and  turned  in  to  the  office  each  day 
along  with  his  Daily  Time  Report.  The  cost  per  ton  by  depart- 
ments, and  the  summary  are  made  out  be  the  office  and  the 
sheet  turned  over  to  the  Superintendent  for  inspection  and  filing. 
Very  few  forms  will  be  required  to  operate  the  system,  the  prin- 
cipal ones  being  a  Daily  Time  Report  (Figure  4),  Material 
Requisitions  (Figure  5),  Contract  Sheet  (Figure  6),  Individual 
Pay  Sheet  (Figure  7),  Pay  Roll  Sheet  (Figure  8),  and  Wages  and 
Material  Distribution  Sheet  (Figure  9).  Such  forms  as  are 
required  to  report  the  daily  progress  of  the  mine  need  not  be 
considered  here  as  they  are  largely  statistical  and  have  little  or  no 
connection  with  the  accounting  system.  The  principal  books 
required  will  be  Sales  Book,  Customer's  Ledger,  Invoice  Register, 
Purchase  Ledger,  Cash  Book  Journal,  Production  Ledger  and 
General  Ledger.  At  the  outset  a  very  careful  inventory  should 
be  taken,  and  as  carefully  priced,  extended  and  distributed  to 
accounts.  Plant  and  Equipment  accounts  segregated,  and  per- 
centage of  depreciation  fixed  on  each,  the  amounts  such  items  as 
Insurance,  Taxes,  Rentals,  etc.  determined  and  a  monthly  pro 
rata  fixed.  Controlling  accounts  should  be  opened  in  the 
General  Ledger  for  Accounts  Receivable,  Accounts  Payable,  and 
Production,  the  balance  in  each  of  these  accounts  representing 
the  accumulated  balance  of  the  individual  accounts  in  the 
Customers,  Purchase,  and  Production  Ledgers  respectively. 
These  accounts  are  valuable  in  that  they  permit  the  proprietor 
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Fig.  III. 
DAILY  INSIDE  LABOUR  AND  COST  SHEET 
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Fig.  III. — (Continued) 
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Fig.  III. — (Continued) 

DAILY  OUTSIDE  LABOUR  AND  COST  SHEET 
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Fig.  III. — (Concluded) 
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Fig.  IV. 
DAILY  TIME  REPORT 
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Fig.  VII. 
INDIVIDUAL  PAY  SHEET 
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to  find  out  at  a  few  minutes  notice  the  total  amount  owing  to 
him  by  Customers,  the  total  amount  owed  by  him  to  Purchase 
Creditors,  and  the  total  cost  of  production  to  date.  They  also 
assist  greatly  in  determining  where  errors  in  posting  (if  any)  have 
occurred  during  the  month.  Suspense  accounts  should  be  opened 
for  such  items  Insurance  and  Rentals,  which  are  paid  in  advance. 
One-twelfth  of  the  amount  of  each  is  credited  each  month  to 
Suspense  Account  and  Production  Account  debited,  thus  dis- 
tributing the  total  amount  equitably  over  the  whole  year. 
Reserve  Accounts  should  be  opened  for  Depreciation,  Taxes,  or 
any  other  items  that  are  paid  in  arrears.  One-twelfth  of  the 
amount  is  charged  each  month  to  Production  and  credited  to 
Reserves,  Reserve  Accounts  being  charged  and  Bank  credited 
when  actual  payment  is  made.  By  this  means  the  expenditure 
is  anticipated  and  distributed  equitably  over  the  whole  year. 
Having  entered  our  balances  we  are  in  a  position  to  start 
work,  and  we  will  therefore  revert  to  the  Chart  of  Accounts  and 
take  up  each  account  in  detail. 

Cash. — The  type  of  Cash  Book  in  general  use  is  one  in  which 
the  Dr.  side  is  used  to  record  the  receipts  and  the  Cr.  side  to 
record  the  disbursements.  However  I  have  used  for  many 
years,  and  strongly  recommend,  two  separate  books  —  one  for 
receipts  and  the  other  for  disbursements.  This  method  has 
several  advantages  over  the  single  type  of  Cash  Book,  the 
principal  ones  being  first  its  simplicity  of  operation  and  conse- 
quent reduction  of  liability  to  errors,  and  second,  the  fact  that 
it  cuts  out  all  waste  space,  every  line  in  each  book  being  utilized. 
The  Cash  Receipts  book  would  be  ruled  as  follows: — 


Date 

Dr. 

From 

whom 

Received 

Partic- 
ulars 

Folio 

Cr. 

Received 

Accts  Rec. 

S'dry  Acct 

t 
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Postings  to  the  vatious  accounts  credited  are  made  as  soon 
as  possible  while  Cash  Account  is  debited  at  the  end  of  each 
month  with  the  total  amount  of  cash  received. 

The  Cash  Disbursements  Book  would  be  ruled  as  follows: — 


Cheq. 

No. 

To 

Whom 

Paid 

Partic- 
ulars 

"o 

Dr. 

Cr. 

Date 

Acct. 
Pay- 
able 

S'dry. 
Acct. 

Disct. 

Cash 

Bank 

Amounts  charged  to  Accounts  Payable  and  Sundry  Accounts 
should  be  kept  posted  up  to  date,  while  the  totals  of  the  Credit 
Columns,  Cash,  and  Bank,  are  posted  at  the  end  of  the  month. 
When  a  deposit  is  made,  Cash  Account  is  credited  in  the  Cash 
Disbursements  Book  and  Bank  Account  charged.  The  balance 
in  this  account  will  represent  the  amount  of  Cash  and  Cheques 
on  hand  awaiting  deposit. 

It  is  advisable  that  all  payments  be  made  by  cheque,  and  in 
carrying  out  this  idea,  the  Imprest  Cash  Fund  System  of  handling 
Petty  Cash  is  recommended  in  cases  where  the  Bank  is  easily 
accessible.  The  procedure  is  very  simple.  A  cheque  is  drawn 
for  a  determined  amount,  say  $500.00  and  debited  to  Imprest 
Cash  Fund.  This  amount  should  always  be  in  the  safe  in  the 
form  of  either  currency  or  receipts.  When  the  fund  is  depleted 
to  the  minimum,  a  voucher  is  made  summarizing  the  receipts 
and  passed  through  the  Invoice  Register,  charging  the  various 
accounts  and  crediting  Imprest  Cash  Fund,  and  a  cheque  is 
drawn  for  the  amount  of  the  voucher,  charging  Imprest  Cash 
Fund  and  crediting  Bank  account.  Receipts  for  wages  paid 
before  the  regular  pay  day  should  be  held  as  Cash  until  the 
regular  pay  day  and  cash  drawer  reimbursed. 
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Bank. — The  balance  in  this  account  represents  the  amount 
of  Cash  on  deposit  with  the  Bank,  or  the  amount  of  overdraft 
according  as  to  whether  the  balance  is  a  debit  or  credit  one. 

Notes  Receivable. — The  balance  in  this  account  repre- 
sents the  amount  owing  to  the  Company  on  Notes  received  from 
the  Company's  debtors  and  not  yet  matured. 

Accounts  Receivable. — The  balance  in  this  Controlling 
Account  in  the  General  Ledger  should  equal  the  accumulated 
balance  of  the  individual  accounts  in  the  Customer's  Ledger. 
Customers  accounts  are  posted  daily  from  the  Sales  Book  and 
at  the  end  of  the  month  the  total  amount  of  Sales  is  debited  to 
'Accounts  Receivable'  controlling  account  and  credited  to 
'Coal  Sales'  account.  Credits  to  customers'  accounts  are 
posted  daily  from  the  Cash  Receipts  Book  and  at  the  end  of  the 
month  the  total  of  the  column  'Accounts  Receivable'  is  credited 
to  'Accounts  Receivable'  controlling  account  in  the  General 
Ledger. 

Buildings  and  Equipment. — The  balance  shown  in  this 
account  represents  the  cost  value  of  buildings  and  equipment. 
When  a  new  building  is  erected  by  the  Company  a  special  account 
should  be  opened  and  cost  of  same  shown  in  as  much  detail  as  the 
management  may  desire  by  means  of  subsidiary  accounts  such  as 
Foundation  (excavation,  concrete  forms,  cement,  etc.  labour  and 
material)  Brick-work  (labour  and  material) ,  Doors  and  Windows 
(labour  and  material)  etc.  On  completion  Buildings  and  Equip- 
ment account  to  be  charged  and  special  account  credited  and 
closed  out.  In  the  case  of  machinery  bought  finished,  or  build- 
ings let  out  on  contract,  the  invoices  would  of  course  be  charged 
direct  through  the  Invoice  Register  to  the  correct  account. 

Mine  Supplies,  Office  Supplies,  Rail  Account,  Lumber, 
Mine  Timber,  Etc.  Etc. — The  balances  shown  in  these  accounts 
represent  quantities  on  hand.  They  receive  their  charges  mainly 
through  the  Invoice  Register  and  their  credits  through  the 
Material  Distribution  Book.  Requisitions  should  be  signed  only 
by  persons  authorized  to  do  so  by  the  management,  and  no  others 
should  be  accepted  by  the  Supply  House  man.  Stock  Record 
Cards  (Figure  10)  should  be  kept  at  the  Supply  House  giving  full 
particulars  of  each  purchase  —  where  obtained,  quantity,  price. 
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etc.  This  record  will  prove  invaluable  in  future  purchases. 
Requisitions  should  be  carefully  priced  from  these  cards  and 
extended,  then  turned  over  to  the  Superintendent  for  inspection, 
and  by  him  to  Chief  Accountant  who  looks  them  over  to  see  that 
proper  accounts  are  marked  for  Dr.  and  Cr.  and  then  passed  to 
Distribution  Clerk  who  enters  them  on  Material  Distribution 
Sheet. 

It  is  recommended  that  balances  be  struck  several  times 
during  the  month,  accumulated  totals  being  inserted  in  red  ink, 
for  the  reason  that  if  at  the  end  of  the  month  the  debits  and 
credits  be  found  not  to  agree,  it  only  means  checking  the  last 
few  days  requisitions  in  order  to  locate  the  error  or  errors,  whereas 
by  leaving  it  to  the  end  of  the  month  it  may  mean  checking  the 
whole  month's  requisitions,  and  time  at  the  end  of  the  month  I 
find  to  be  much  more  precious  than  time  in  the  middle  of  the 
month.  The  debits  and  credits  being  in  agreement  a  Journal 
entry  is  then  made,  debiting  the  various  production  and  other 
accounts  and  crediting  the  inventory  accounts.  Mine  Supplies, 
Mine  Timber,  etc.  If  proper  care  is  exercised  in  issuing,  pricing, 
extending  and  distributing  the  requisitions,  it  will  be  found  that 
the  book  inventories  produced  in  the  material  accounts  will  not 
be  very  far  off  when  actual  inventory  is  taken  at  the  end  of  the 
year. 

Production  Account  (Mine  Operations).  From  the  view- 
point of  the  practical  mining  man  this  is  the  most  important 
account  in  the  General  Ledger,  and  as  such  should  receive  the 
utmost  care  and  attention.  As  shown  in  the  Chart  of  Accounts 
it  is  a  controlling  account  the  balance  in  which  should  equal  the 
accumulated  balance  of  the  accounts  in  the  Production  Ledger. 
These  accounts  receive  their  charges  mainly  through  the  Material 
and  Wages  Distribution.  There  will  be  occasional  charges 
through  the  Invoice  Register  for  Repairs,  etc.  and  a  few  also 
through  the  Cash  Disbursement  Book. 

It  has  been  shown  how  the  requisitions  for  materials  are 
carried  through  to  the  Production  Ledger  by  means  of  the  dis- 
tribution and  its  journal  entry;  and  the  item  of  wages  from  its 
source  to  the  same  point,  will  now  be  traced.  Each  day  the 
timekeeper  sends  in  a  Time  Report  (Figure  4)  arranged  in  order 
of  check  numbers,  showing  time  spent  by  each  man.     In  the  case 
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of  men  engaged  on  Company  work  such  as  Timber  Packers, 
Drivers,  Chute  Loaders,  etc.,  there  is  shown  the  number  of  hours, 
rate,  and  extension,  and  class  of  work  accompHshed.  In  the  case 
of  men  on  Contract  work  the  contract  number  and  number  of 
hours  only  is  shown.  The  extensions  for  Company  workers  are 
added  up  and  total  inserted.  The  report  is  then  sent  to  the 
Superintendent  for  inspection  and  signature  and  passed  to  the 
Pay-Roll  Clerk,  At  the  beginning  of  each  pay  period,  an 
individual  pay  sheet  (Figure  7)  is  made  out  for  each  man  on 
the  pay-roll,  and  to  these  sheets  is  transcribed  each  day  from 
the  timekeeper's  report  the  number  of  hours  worked  and  their 
extension,  and  in  the  case  of  contract  workers,  the  number  of 
contract  and  hours  worked  on  same.  This  sheet  also  shows  the 
deductions  for  Store,  Rent,  Hospital,  etc.  and,  in  short,  is  a 
complete  record  of  each  man's  account  for  the  period.  The 
hours  worked  on  contract  are  then  transcribed  to  the  Contract 
Sheet  (Fig.  6)  according  to  contract  number.  At  the  end  of  the 
pay  period  the  measurements  for  each  contract  are  turned  in  by 
the  Mine  Manager  or  Pit  Boss  and  the  value  of  the  same  divided 
amongst  the  workers  on  the  basis  of  hours  worked.  The  result 
and  figures  are  then  transcribed  to  the  individual  pay  sheets,  and 
when  all  deductions  are  inserted,  the  pay-sheets  are  ready  to  be 
completed  and  carried  into  the  Pay  Roll  (Figure  8).  The  Wages 
Distribution  is  composed  of  four  divisions,  viz.  Contract  Labour, 
Mine  Labour,  Outside  Labour,  and  Salaries.  Mine  Labour  and 
Outside  Labour  are  distributed  each  day  from  the  Daily  Time 
Report  and  Contract  Labour  and  Salaries  at  the  end  of  the  pay 
period.  Salaries  can  be  distributed  daily  if  required,  but  as  a 
rule  this  is  not  found  necessary.  In  distributing  the  Mine  Labour 
and  Outside  Labour  the  amounts  charged  against  the  various 
classes  of  work  are  drawn  off  on  scratch  pad,  and  the  totals 
obtained  for  each  class  of  work  then  transcribed  to  the  Distri- 
bution Sheet.  At  the  left  hand  side  of  this  Sheet  appears  the  date, 
then  the  total  wages  for  the  day,  followed  by  the  amounts  for 
different  classes  of  work.  The  figures  are  cross  checked  and 
then  you  have  the  satisfaction  of  knowing  not  only  that  your 
labour  is  distributed  up  to  date,  but  that  at  the  end  of  the  period 
your  distribution  will  balance  with  the  Pay-Roll  to  a  penny.  An 
hour  or  so  at  the  end  of  the  period  will  suffice  to  distribute  the 
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Contract  Labour  and  Salaries  and  insert  in  the  Distribution 
Book.  The  distribution  of  the  four  divisions  of  Labour  is  then 
summarized  on  a  sheet  of  foolscap  headed  as  follows: — 


Account 
Name 

Mine 
Labour 

Contract 
Labour 

Outside 
Labour 

Salaries 

Gross 

Totals 

and  journalized  as  follows: — 

Tipple  Expense. — Weighman. 
Tipplemen. 
Cleaning  Coal. 
Box  Car  Loaders. 

Stable  Expense. — Labour  etc.,  etc. 

To  Accrued  Wages. 

and  the  sheet  filed  for  future  reference. 

When  all  postings  have  been  made  to  Production  Ledger  and 
totals  charged  to  the  controlling  account  'Production,'  a  trial 
balance  is  made  of  the  Production  Ledger  and  if  found  to  agree 
with  the  Controlling  Account  the  figures  are  then  ready  to  be 
drawn  off  on  to  the  monthly  Cost  Sheet,  and  the  actual  average 
cost  per  ton  for  the  month  obtained. 

Store. — Many  Companies  operate  a  General  Store  for  the 
accomodation  of  their  Employees.  The  balance  shown  in  this 
account  should  represent  the  value  of  the  merchandise  on  hand 
at  the  end  of  the  period.  As  a  matter  of  fact,  it  only  does  so 
when  actual  inventory  is  taken.  It  is  impossible  to  determine 
the  profit  or  loss  on  the  operations  of  a  general  store  without 
taking  actual  inventory  or  installing  an  elaborate  and  expensive 
system  of  keeping  track  of  the  profit  or  loss  on  each  article  sold. 
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The  management  of  the  Company  with  which  I  am  connected  are 
satisfied  with  obtaining  this  information  three  times  a  year  by 
actual  inventory — twice  during  the  year  and  again  at  the  end  of 
the  fiscal  period.  It  is  unnecessary  to  go  deeply  into  the  subject 
as  it  does  not  greatly  concern  the  matter  in  hand,  but  a  brief 
description  of  the  accounting  operations  may  not  be  amsis. 
Incoming  invoices  are  checked  and  'ok'd'  by  the  Store  Manager 
and  turned  in  to  the  office  where  they  are  vouchered  and  passed 
through  the  Invoice  Register,  charging  'Store'  account  and  cred- 
iting the  Seller.  The  cash  taken  over  the  counter  each  day  is 
turned  in  to  the  office  the  following  morning  and  entered  in  the 
Cash  Receipts  Book,  crediting  'Store'  account.  At  the  end  of 
the  pay  period  a  list  of  the  balances  in  the  Charge  Accounts  is 
turned  in  to  the  office,  charges  against  employees  being  entered 
on  the  individual  pay  sheets,  a  journal  entry  being  made  for 
charges  to  outsiders,  crediting  'Store'  account.  Books  of  coupons 
good  for  trade  at  the  Store  are  given  to  those  employees  with 
whom  it  is  not  desirable  to  open  Charge  Accounts.  When  a 
coupon  book  is  given  out  it  is  immediately  charged  on  the 
man's  pay  sheet  'Store  Coupon  Account'  being  ultimately 
credited  through  the  Pay  Roll.  Coupons  used  in  trade  are  turned 
in  by  the  Store  each  day  along  with  the  cash,  and  'Store  Coupon 
Account'  is  debited  and  "Store  Account"  credited,  the  coupons 
being  destroyed  after  checking  the  amounts.  Coupons  are  not 
accepted  if  detached  from  the  book,  thus  removing  the  possibility 
of  their  being  used  a  second  time.  The  balance  shown  in  the 
'Store  Coupon  Account'  represents  the  Company's  liability  for 
outstanding  coupons.  As  stated,  before  actual  inventory  is 
taken  at  the  end  of  every  four  months,  '  Store  Account'  is  debited 
with  the  difference  between  the  Ledger  balance  and  the  Inventory 
amount,  and  Profit  and  Loss  credited,  this  entry  being  referred 
in  the  case  of  a  loss. 

Suspense  Accounts. — The  balances  shown  in  these  ac- 
counts represent  the  unexpired  portion  of  Fire  Insurance,  Rentals, 
and  such  other  items  as  are  paid  in  advance  and  prorated  to 
Expense,  and  are  therefore  shown  as  assets  on  the  Balance  Sheet. 

Miscellaneous  Assets. — This  term  covers  such  Asset 
Accounts  as  are  not  specified  above,  will  include  Timber  Limits, 
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Mining  Rights,  Wages  paid  in  advance,  etc.,   and  represents 
balances  shown  in  those  accounts. 

Notes  Payable. — The  balance  in  this  account  represents 
amount  owing  on  outstanding  notes  given  by  the  Company. 

Accounts  Payable. — ^The  balance  in  this  Controlling 
Account  should  equal  the  accumulated  balance  of  the  accounts 
in  the  Purchase  Ledger,  and  shows  the  total  indebtedness  of  the 
Company  to  Purchase  Creditors.  It  receives  its  credits  mainly 
through  the  Invoice  Register  and  its  debits  mainly  through  the 
Cash  Disbursements  Book.  Incoming  invoices  are  sent  to  the 
Purchasing  Department  where  they  are  checked  for  prices, 
calculations,  additions  and  accounts  to  be  charged,  and  then 
forwarded  to  the  Accounting  Department,  where  vouchers  are 
made  for  the  invoices  from  each  firm  and  entered  in  the  Invoice 
Register,  crediting  Sellers'  Accounts  and  debiting  the  accounts  as 
marked  by  the  Purchasing  Department.  Vouchers  are  numbered 
and  filed  in  numerical  order.  When  posting,  the  voucher  number 
is  recorded  in  the  Seller's  account  for  easy  reference.  Each  sheet 
in  the  Invoice  Register  is  totalled  separately  and  posted  as  soon 
after  totalling  as  may  be  convenient,  the  total  shown  in  the 
column  'Cr.  Accounts  Payable'  being  credited  to  'Accounts 
Payable  Controlling  Account.' 

Accrued  Wages  and  Salaries. — The  balance  in  this  ac- 
count represents  the  amount  owing  by  the  Company  to  its 
employees  for  wages  earned  and  unpaid.  When  the  Pay-Roll 
is  compiled  from  the  individual  pay  sheets,  a  summary  will  show 
the  gross  wages,  the  amount  of  the  deductions,  and  the  net 
amount  to  be  paid.  This  account  is  credited  with  the  amount 
of  the  gross  wages  by  means  of  the  journal  entry  made  from  the 
wages  distribution  as  explained  before,  and  debited  with  the 
amount  of  the  cheque  drawn  for  the  net  amount  to  be  paid.  A 
journal  entry  is  also  made  debiting  this  account  with  the  amount 
of  the  deductions,  crediting  the  various  accounts  of  Store,  Rent, 
Hospital,  etc.  If  wages  were  paid  right  up  to  date  at  the  end  of 
the  pay  period  the  account  would  close  out,  the  deductions  plus 
the  net  amount  to  be  paid  being  of  course  equivalent  to  the 
amount  of  gross  wages.  However,  as  in  accordance  with  the 
Alberta  Mines  Act,  two  weeks  are  permitted  to  elapse  between 
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the  last  day  of  the  pay  period  and  the  date  of  actual  payment, 
there  will  always  show  in  this  account  a  credit  balance  represent- 
ing the  amount  of  wages  accrued  during  the  current  half  month. 
In  other  words,  the  credit  balance  shown  in  accrued  wages 
account  at  the  end  of  each  month  should  equal  exactly  the  net 
amount  to  be  paid  as  shown  by  the  payroll  for  the  last  half  of 
the  month. 

Reserve  Accounts. — The  balances  shown  in  these  accounts 
represent  the  amounts  put  aside  from  time  to  time  by  the 
Company  out  of  the  profits  for  the  purpose  of  meeting  expend- 
itures which  experience  has  shown  will  certainly  occur  at  some 
future  date,  such  as  replacement  of  worn  out  buildings  and 
machinery,  also,  to  meet  such  items  as  are  paid  arrears,  for  ex- 
ample. Taxes;  and  to  write  off  such  accounts  as  Mine  Develop- 
ment, Mining  Rights,  etc.  The  rate  at  which  different 
buildings  and  machinery  depreciate  has  been  very  closely 
determined  by  long  experience,  and  we  are  consequently  enabled 
to  charge  each  year's  production  with  its  true  proportion  of  the 
expense  of  replacements.  There  are  several  methods  of  applying 
depreciation  to  the  cost  of  production,  the  two  principal  methods 
followed  being  (1)  by  a  fixed  amount  per  ton  and  (2)  by  writing 
off  a  fixed  sum  each  month  based  on  the  life  of  the  building  or 
machine.  The  chief  advantage  of  the  first  method  would  appear 
to  be  in  the  fact  that  the  amount  written  off  for  depreciation  each 
year  varies  with  the  production  and  consequently  in  lean  years 
the  Profit  and  Loss  accounts  is  treated  somewhat  more  kindly 
than  would  be  the  case  in  the  second  method.  However  I 
believe  the  second  method  to  be  the  safer  one  as  the  rate  of 
depreciation  is  practically  the  same  each  year  whether  the 
production  is  high  or  low. 

Miscellaneous  Liabilities. — The  balances  in  these  ac- 
counts represent  our  liability  for  such  things  as  Outstanding 
Store  Coupons,  Unclaimed  Wages,  and  amounts  collected  for 
persons  running  boarding  houses. 

Profit  and  Loss. — This  account  is  credited,  at  desired 
periods,  with  the  revenue  derived  from  the  sale  of  coal,  together 
with  such  revenues  as  rent  of  cottages,  store,  profits  discounts 
received,  etc.,  and  is  charged  with  the  balance  shown  in  'Produc- 
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tion  Account'  and  such  items  of  expense  as  do  not  come  within  the 
scope  of  mining  operations,  for  instance,  advertising  and  selling 
expenses,  discounts  paid,  etc.  At  the  end  of  the  year  this  account 
is  closed  out  into  'Surplus  Account'. 

Capital  Stock. — The  balance  in  this  account  represents  the 
indebtedness  of  the  Company  to  Stockholders  for  amount  of 
stock  subscribed. 

Surplus. — ^A  credit  balance  in  this  account  represents  the 
amount  of  undivided  profits  available  for  dividends.  A  debit 
balance  would  mean  an  impairment  of  the  assets  of  the  Company. 

In  conclusion  it  will  be  seen  from  the  foregoing  how  the  Cost 
Accounts  are  correlated  with  the  General  Books  of  Account  by 
means  of  Wage  and  Material  distributions  and  consequent  journal 
entries;  that  book  inventories  are  produced  in  the  inventory 
accounts  which  will  closely  approximate  to  those  obtained  by 
actual  inventory ;  and  that  when  the  books  are  closed  and  a  trial 
balance  drawn  off,  a  monthly  Balance  Sheet  and  Profit  and  Loss 
Statement  can  be  obtained. 


DISCOVERY  OF  PHOSPHATE  OF  LIME  IN  THE 
ROCKY  MOUNTAINS 

By  Frank  D.  Adams,  McGill  University,  Montreal,  and  W.  J. 
Dick,  Commission  of  Conservation,  Ottawa 

Annual  Meeting,  Ottawa,  1916. 

Introduction 

With  the  great  development  of  agriculture  in  Western 
Canada  there  will  arise  in  the  not  distant  future  an  insistent 
and  ever-increasing  demand  for  fertilizers  and  manures.  Among 
the  constituents  of  such  manures  phosphoric  acid  is  one  of  the 
most,  if  not  the  most,  important.  In  all  countries  where  agricul- 
ture is  conducted  on  modern  methods  and  where  the  maximum 
yield  is  obtained  from  the  land,  all  sources  of  raw  material  for 
the  manufacture  of  phosphates  are  eagerly  sought  for  and  ex- 
ploited. In  Canada,  no  deposits  of  mineral  phosphates  are 
known  except  the  apatite  deposits  of  the  Ottawa  district.  These 
are  of  relatively  small  extent  and  are  no  longer  worked.  While 
a  growing  plant  requires  a  number  of  chemical  elements  for  its 
perfect  development,  three  of  these  are  especially  necessary, 
namely,  nitrogen,  potassium  and  phosphorus.  These  three  sub- 
stances are  abstracted  from  the  soil  in  such  large  amounts  by 
growing  crops,  that,  unless  very  special  precautions  are  taken, 
the  supply  of  these  elements  in  the  soil  becomes  greatly  diminish- 
ed and  the  fertility  of  the  soil  gradually  declines  until  it  can  no 
longer  be  cultivated  with  profit.  This  is,  briefly  stated,  the  cause 
of  the  progressive  exhaustion  of  the  land  which  has  had  such  far- 
reaching  consequences  in  so  many  portions  of  the  world.  Taking 
the  wheat  crop,  merely  as  an  index  of  yield,  the  result  of  con- 
tinuous cropping  in  the  United  States  without  an  adequate  re- 
turn to  the  soil  of  the  constituents  removed  from  it,  is  set  forth 
in  a  recent  Bulletin  of  the  United  States  Federal  Department  of 
Agriculture  as  follows: 

"Wheat  was  successfully  produced  in  central  New  York  for 
something  like  40  years.     During  the  latter  part  of  that  period 
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the  yield  began  to  decline,  and  at  the  end  of  another  20  years  it 
was  so  low  that  exclusive  wheat  growing  became  unprofitable. 
Ohio,  Indiana,  Illinois  and  Iowa  have  each  in  turn  repeated  the 
history  of  New  York.  The  soils  of  these  states  were  productive 
in  the  beginning,  and  it  required,  40,  50  or  60  years  for  the 
single  crop  system  to  materially  reduce  the  yields." 

Now  in  the  Eastern  States  are  found  in  many  regions  aban- 
doned farms  with  farm  houses  in  every  stage  of  decay.  The 
average  yield  of  wheat  in  New  York  State  as  recently  as  1898 
was  21.2  bushels  per  acre;  in  1907  it  was  17.3  bushels.  In  the 
same  short  time  the  average  yield  in  Indiana  fell  from  15.6  to 
14.4  bushels;  in  Minnesota  from  15.8  to  13  bushels;  in  North 
Dakota  from  14.4  to  10  bushels;  in  Oklahama  from  14.9  to  9 
bushels. 

The  nitrogen  which  is  taken  from  the  soil  by  growing  crops 
may  be  returned  to  it  by  plowing  in  crops  of  clover,  which  have 
the  power  of  fixing  the  nitrogen  of  the  air  and  conveying  it  to 
the  soil  in  the  form  of  certain  nitrogen  compounds.  It  can  also 
be  supplied  directly  to  the  soil  in  the  form  of  ammonium  sul- 
phate, which  is  now  obtained  in  large  quantities  as  a  by-product 
in  the  coking  of  coal,  or  in  the  form  of  certain  other  nitrogen  com- 
pounds manufactured  from  the  air  by  certain  electrical  processes. 

Potash,  which  is  of  equal  importance,  is  usually  present  in 
soils  in  relatively  larger  amount,  although  in  all  processes  of  in- 
tensive farming  by  which  especially  large  yields  are  obtained 
from  the  soil,  this  substance  is  returned  to  the  soil  through  the 
medium  of  some  kind  of  fertilizer. 

Phosphorus,  in  the  form  of  some  phosphate,  is  of  very 
especial  importance,  and  if  no  steps  are  taken  to  restore  to  the 
soil  the  supplies  of  this  substance  abstracted  and  removed  by  the 
crops,  the  soil  becomes  gradually  impoverished  and  will  finally 
cease  to  produce  a  profitable  yield. 

In  1914  the  wheat  production  of  Canada  amounted  to  158,- 
223,000  bushels — the  average  yield  per  acre  being  about  15.37 
bushels.  Allowing  two  pounds  of  straw  as  removed  for  every 
pound  of  grain,  and  taking  the  average  analysis  of  wheat  and 
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straw,  the  following  amounts  of  plant  food  were  removed  from 
the  soil  during  that  year  by  the  wheat  crop  alone: — 

Nitrogen 300,000,000  pounds 

Phosphoric  acid 95,000,000       " 

Potash 137,000,000       " 

While  the  virgin  soils  of  the  Western  Provinces  of  Canada, 
and  especially  the  very  deep  rich  soils  of  Manitoba,  continue  for 
years — and  in  some  cases  for  many  years — to  produce  heavy 
yields  even  under  continuous  cropping,  they  are  by  this  process 
being  gradually  depleted,  and  as  the  supplies  of  plant  food  in 
them  become  gradually  reduced,  the  signs  of  exhaustion  will  be 
manifested  in  decreasing  returns.  As  a  matter  of  fact,  this  de- 
pletion is  already  manifesting  itself  as  shown  by  an  investigation 
recently  carried  out  by  the  Commission  of  Conservation.^ 

In  order  to  maintain  the  fertility  of  the  soil,  these  valuable 
constituents  taken  from  the  soil  must  be  returned  to  it.  Of  these, 
as  has  been  mentioned,  the  most  important  is  phosphoric  acid , 

In  1913  there  were  16,726,400  acres  of  land  under  cultivation 
in  the  three  prairie  provinces  and  the  depletion  per  acre  annually 
may  be  taken  as  equivalent  to  the  phosphoric  acid  contained  in 
60  pounds  of  high-grade  phosphate  rock.  At  this  rate  501,800 
tons  of  high-grade  phosphate  rock  would  be  required  each  year 
simply  to  offset  the  depletion  of  the  land  already  under  cultiva- 
tion in  Manitoba,  Saskatchewan  and  Alberta. 

In  certain  of  the  Western  United  States,  especially  in  Utah, 
Idaho,  Wyoming  and  Montana,  great  beds  of  mineral  phosphate 
have  been  discovereed  recently  and  have  been  described  in  detail 
by  officials  of  the  United  States  Geological  Surv^ey.  These  dis- 
coveries have  been  hailed  as  of  especial  importance,  since  they 
afford  the  raw  materials  on  which  the  future  development  of 
agriculture  in  the  western  portion  of  the  United  States  will  be 
based.  It  was  even  suggested  at  a  conference  of  the  Governors 
of  the  States,  held  in  the  year  1908,  that,  on  account  of  the  great 
value  of  phosphate  deposits  to  the  agriculture  of  that  country,  a 
law  should  be  passed  prohibiting  the  export  of  phosphates  to 
foreign  countries.     It  seemed,  therefore,  to  the  Commission  of 

'See  Fifth  Annual  Report,  Commission  of  Tonservation,  p.  168. 
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Conservation  of  Canada,  that  it  was  of  the  greatest  importance 
that  similar  deposits  of  phosphates  should  be  discovered  within 
the  Dominion  of  Canada.  The  western  phosphate  deposits  in 
the  United  States  do  not  occur  irregularly  and  at  haphazard  in 
the  rocks  of  the  earth's  crust,  but  are  found  wherever  they  occur 
at  a  well  defined  geological  horizon,  namely,  near  the  top  of  the 
Carboniferous  system.  It  was  evident,  therefore,  that  the  first 
step  in  the  search  for  similar  deposits  in  Canada  was  to  ascertain 
where  rocks  of  Upper  Carboniferous  age  existed  in  Western 
Canada  and  whether  the  rocks  of  Carboniferous  age  occurring  in 
the  Western  United  States  could  be  traced  northward  across  the 
border  into  Canada,  and  whether,  if  such  were  the  case,  the 
Upper  Carboniferous  rocks  could  anywhere  be  found  in  Canada 
with  a  development  similar  to  that  which  they  have  in  the  phos- 
phate district  of  the  Western  United  States.  With  a  view  to  as- 
certaining whether  the  geological  conditions  in  Canada  were 
favourable  for  the  discovery  of  phosphate  of  lime,  the  writers 
devoted  five  weeks  during  the  past  summer  to  carrying  out  an 
investigation  on  the  subject  for  the  Commission  of  Conservation. 
A  visit  was  first  made  to  Butte,  Montana,  for  the  purpose  of 
studying  the  geological  relations  and  mode  of  occurrence  of  the 
deposits  of  phosphate  of  lime  which  occur  near  that  place  at 
Maiden  Rock.  These  have  been  described  by  the  United  States 
Geological  Survey  and  have  been  opened  up  by  Dr.  Lindforth  for 
the  Anaconda  Copper  Company,  which  is  about  to  commence  an 
investigation  into  the  best  method  of  working  up  of  this  crude 
phosphate  and  placing  it  on  the  market.  The  writers  desire  to 
acknowledge  their  indebtedness  to  Mr.  E.  P.  Mathewson, 
manager  of  the  Reduction  Works  of  the  Anaconda  Mining  Com- 
pany, Anaconda,  and  Dr.  Lindforth  of  Butte  City,  for  informa- 
tion concerning  these  Montana  deposits.  A  brief  statement  may 
first  be  made  with  reference  to  these  deposits. 

Phosphate  Deposits  of  Montana,  Idaho,  Wyoming 
AND  Utah 

Phosphates  were  first  discovered  at  certain  localities  in 
north-eastern  Utah  and  south-eastern  Idaho,  in  the  district  where 
the  States  of  Utah,  Idaho  and  Wyoming  come  together.     From 
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thence  the  deposits  v/ere  traced  to  the  north  as  far  as  the  vicinity 
of  Helena,  Montana,  and  south-east  and  west  in  the  States  of 
Idaho,  Utah  and  Wyoming.  They  are  now  known  to  occur  in  an 
area  in  Montana,  south-eastern  Idaho,  north-eastern  Utah  and 
south-western  Wyoming,  having  an  extent  of  about  420  miles 
north  and  south  and  about  220  miles  in  an  east  and  west  direction. 

The  phosphate  rock  occurs  in  the  form  of  well  defined  beds 
inter-stratified  with  rocks  of  upper  Carboniferous  age,  although 
by  some  observers  they  have  been  classed  as  Permian.  These 
constitute  what  is  termed  the  phosphoria  formation,  a  series  of 
shales,  sandstones  and  limestones  aggregating  about  100  feet  in 
thickness  and  containing  one  or  more  beds  of  phosphate  rock 
ranging  in  thickness  from  a  few  inches  to  ten  feet.  Usually  one, 
and  sometimes  two,  of  these  beds  in  a  given  section  is  workable 
and  probably  some  of  the  others  can  eventually  be  mined. 

The  rocks  of  this  phosphoria  series  weather  away  readily 
under  the  action  of  the  atmospheric  forces  and  its  outcrop  is, 
therefore,  inconspicuous,  but  the  strata  above  and  below  it  are 
usually  resistant  and  stand  out  in  ledges  which  can  easily  be 
traced.  The  lime  phosphate  in  the  beds  varies  from  a  small  un- 
workable content  to  80  per  cent. 

Description  of  Phosphate  Deposits  near  Maiden  Rock, 

Montana 

These  deposits  are  of  especial  interest  in  connection  with 
possible  occurrences  in  Canada,  in  that  they  represent  those 
phosphate  deposits  in  the  United  States  which  lie  nearest  to  the 
Canadian  border.  There  is,  therefore,  a  probability  that  their 
characters,  conditions  and  geological  relations  are  those  which 
would  be  found  in  deposits  occurring  in  the  Dominioa  of  Canada. 
This  region  was,  therefore,  examined  by  the  writers  in  company 
with  Dr.  Lindforth  of  the  geological  staff  of  the  Anaconda  Copper 
and  Mining  Co.,  of  Butte  City,  Montana,  which  company  has  al- 
ready done  some  preliminary  work  in  opening  up  the  deposits  in 
question. 

Maiden  Rock  is  a  station  on  the  Oregon  Short  Line  railway 
about  25  miles  south  of  Butte  City,  Montana. 
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The  following  formations  are  exposed  in  this  locality: — 

Cretaceous — 

Kootenai  formation. 

Jurassic — 

Ellis  formation. 

Carboniferous — 

(a)  PeNN  sylvan  IAN. 

Upper  Quadrant  quartzite. 

Phosphate  bed. 

Middle  Quadrant  limestone. 

Lower  Quadrant  limestone. 

Lower  Quadrant  shale  and  sandstone. 

(b)  Mississippian. 
Madison  limestone. 

Description  of  the  Formations 

Cretaceous 

Kootenai  Formation. — This  formation  probably  represents 
the  base  of  the  Kootenai  and  is  composed  of  quartzite,  or  sand- 
stone, with  massive  ledges  of  coarse  pebble  conglomerate.  The 
sandstone  is  evenly  bedded,  greenish  and  brownish  in  colour  and 
composed  of  fine  sandy  material. 

Jurassic 

Ellis  Formation. — The  Ellis  formation,  which  is  Triassic  or 
Jurassic  in  age  has  a  thickness  of  about  900  feet  and  lies  con- 
formably on  the  Upper  Quadrant  quartzite.  It  is  composed  of 
shale,  green,  brown  or  purple  in  colour,  with  some  limestone. 

Carboniferous — (a)  Pennsylvanian 

Quadrant  Formation. — The  Quadrant  formation  is  composed 
of  an  upper  and  more  massive  portion  consisting  chiefly  of  quart- 
zite, 200  feet  in  thickness,  forming  prominent  outcrops  of  hard 
ledges,  including  some  shaly  layers. 

This  is  underlain  by  the  middle  limestone,  about  180  feet  in 
thickness.     The   limestone   contains    much    black    chert.     The 
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phosphate  bed,  having  an  average  thickness  of  about  four  feet, 
occurs  between  the  middle  limestone  and  upper  quartzite,  and  on 
account  of  its  softness  and  its  position  between  two  more  resistant 
formations,  the  outcrop  usually  occupies  a  depression. 

The  middle  limestone  is  underlain  by  a  massive  white  quart- 
zite, 750  feet  in  thickness,  which  in  turn  is  underlain  by  about 
300  feet  of  sandstone  and  sandy  shale  including  dark  red  and 
purplish  bands. 

(b)  Mississippian 

Madison  Limestone. — The  Madison  limestone  consists  of 
heavy  massive  beds  of  light  coloured  limestone,  which,  resisting 
erosion,  give  rise  to  strongly  marked  rugged  topographic  features. 
Its  thickness  at  Maiden  Rock  is  about  1,500  feet. 

The  fauna  of  this  formation  corresponds  to  that  of  the  basal 
portion  of  the  'Wasatch  Limestone'  of  the  Wasatch  mountains  of 
Utah. 

SeCTIONS  SHOWINC  CeOUOGY   OF  PHOSPHATE  DCPOSITS  NCA*  MAIOCN  ROCK,  MONTAItA 

trier  f  B,thnj%l^  tnd  M  H  Cilcl 
1000 ft et  m   I, nth 


:acT*cuMjs      itwunoy5L    fryi 

lll^  fmrmal'9r       rTTl 


LECCNO 

'Quadrant  upper  ijuertiiU 

(53 

Phoiphate  bed 
CA9Zomtrcuoii%  J  OtHJdrant  m,adle  hmestwye 
QoadranI  lower  tfvariitiK 

US 

^uadrunl  hrrtr  shote 

g?n 

Uodtson  timratOf>€    ^^^D 


Plate  I 


Plate  I  illustrates  the  structure  of  this  district  and  shows 
the  position  of  the  phosphate  beds  in  the  Maiden  Rock  district. 

In  many  districts  the  massive  blue  Madison  limestone,  which 
is  about  1,000  feet  thick  and  conspicuously  exposed,  is  a  guide  to 
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the  phosphate  bed  which  lies  from  400  to  700  feet  above  it,  with 
sandy  shale  and  quartzite  between. 

Description  of  the  Phosphate  Rock 

The  fresh  phosphate  rock  is  dark  gray  to  black  in  colour,  and 
on  the  weathered  surface  is  characterized  by  a  bluish  white  tinge 
known  as  phosphate  bloom.  It  is  usually  rather  soft  and  some- 
what earthy  in  appearance,  but  in  some  places  is  hard,  black  and 
compact,  having  the  appearance  of  a  fine  grained  basalt.  It  has 
a  distinctly  higher  specific  gravity  than  quartzite,  chert,  shale  and 
other  rocks  with  which  it  is  usually  associated,  the  rich  varieties 
having  a  specific  gravity  of  about  2.9,  as  compared  with  2.65  for 
quartz.  A  fragment  thus  is  noticeably  heavier  than  these  rocks 
when  taken  in  the  hand.  Moreover,  it  frequently  gives  off  a  faint 
fetid  odour  when  broken  by  a  hammer.  This,  however,  is  not 
very  distinct  in  all  cases.  One  of  the  most  distinctive  characters 
of  the  phosphate  rock  is  an  oolitic  structure,  which  is  almost  in- 
variably present.  The  rock  showing  this  structure,  when  care- 
fully examined  under  the  lens,  appears  to  be  made  up  of  minute 
spheres,  like  homoeopathic  pills,  which  usually  range  in  size  from 
.01  to  .1  inch  in  diameter.  These  are  tightly  cemented  together 
and  in  thin  sections  under  the  microscope  usually  show  a  con- 
centric and  sometimes  a  radial  structure.  This  structure  is  ex- 
cellently seen  in  the  Maiden  Rock  phosphate.  On  analysis  the 
phosphate  rock  is  found  to  contain  from  20  to  35  per  cent  of 
phosphoric  acid,  equivalent  to  from  43.7  to  76.2  per  cent  of  tri- 
calcium  phosphates.  The  phosphate  rock  occurring  in  the  form 
of  beds  has,  of  course,  the  same  continuity  and  regularity  as  is 
possessed  by  a  coal  seam  or  any  other  bedded  deposit.  It  is 
estimated  that  the  Elliston  field,  to  which  the  Maiden  Rock 
occurrence  belongs,  contains  over  86,000,000  tons  of  phosphate 
rock. 

The  Carboniferous  Rocks  of  the  Rocky  Mountains 
IN  Canada 

Since,  as  has  been  stated,  the  phosphate  deposits  of  the 
western  portion  of  the  United  States  are  found  at  a  definite 
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geological  horizon  which  is  situated  near  the  top  of  the  Car- 
boniferous system,  it  was  evident  that  in  Canada  the  search  for 
these  rocks  should  be  confined  to  areas  underlain  by  rocks  of 
Carboniferous  age  and  in  which  the  Carboniferous  had  a  develop- 
ment similar  to  that  found  in  the  Western  States,  and  that  within 
this  system  the  search  might  be  restricted  to  its  upper  portion. 
In  this  western  portion  of  the  United  States  no  phosphate  de- 
posits have  been  found  north  of  Helena,  Montana,  for  no  rocks 
of  Carboniferous  age  occur  between  this  place  and  the  Canadian 
boundary,  which  is  200  miles  distant.  The  intervening  area  is 
underlain  chiefly  by  rocks  of  pre-Cambrian  age  which  are  carried 
over  the  newer  strata  by  the  great  Lewis  overthrust  fault.  A 
short  distance  north  of  the  boundary  line,  however,  the  Carboni- 
ferous reappears,  and  has  an  extended  distribution  in  Canada 
being  chiefly  on  the  eastern  side  of  the  Rocky  Mountains.  Three 
lines  of  section  across  the  Rocky  Mountains  were  accordingly 
selected  and  carefully  examined  with  a  view  to  ascertaining 
whether  along  any  of  these  lines  the  geological  conditions  were 
favourable  for  the  discovery  of  phosphate. 

These  three  lines  were : — 

(a)  The  North  Kootenay  Pass. 

(b)  The  Crowsnest  line  of  the  Canadian  Pacific  Railway — 
in  Turtle  Mountain  district. 

(c)  The  main  line  of  the  Canadian  Pacific  Railway  east  of 
the  summit  in  the  Rocky  Mountains  Park  at  Banff,  Alberta. 

(a)  The  North  Kootenay  Pass — -This  crosses  the  Rocky 
Mountains  about  20  miles  north  of  the  International  Boundary 
Line.  A  geological  reconnaissance  was  made  along  the  line  of 
this  pass  by  Dr.  G.  M.  Dawson,  when  geologist  to  the  Boundary 
Commission  appointed  to  survey  the  49th  parallel  in  1886. 

In  the  geological  section  accompanying  Dr.  Dawson's  report, 
and  which  is  reproduced  on  Plate  2,  the  Carboniferous  and  De- 
vonian rocks  are  shown  as  occurring  in  the  district  about  the  east 
summit  of  the  North  Kootenay  Pass  and,  dipping  to  the  west 
beneath  the  cretaceous  rocks  of  the  Flathead  valley,  as  re-appear- 
ing near  the  west  summit  of  the  pass  where  they  overlie  the 
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Plate  II 


Cambrian.  Immediately  to  the  east  of  this  east  summit  of  the 
pass,  Dawson  shows  a  block  of  these  Devono-Carboniferous  strata 
lying  between  two  faults  (a  and  b  in  Plate  2.)  and  overlain  by 
a  series  of  'Red  Beds'  which  he  supposed  to  be  of  Permian  or 
Triassic  age  on  account  of  its  resemblance  to  a  series  of  this  age 
found  by  Meek  in  Utah.  One  of  these  faults  brings  the  supposed 
Devono-Carboniferous  rocks  against  the  Cretaceous  on  the  east, 
while  the  other  brings  these  rocks  with  the  overlying  'Red  Beds' 
against  the  main  body  of  the  Devono-Carboniferous  series  on  the 
west.  If  Dawson's  interpretation  of  the  age  of  the  'Red  Beds' 
is  correct,  the  phosphate  horizon  should  be  in  this  Carboniferous 
series  between  the  faults  and  a  short  distance  below  the  base  of 
the  beds  in  question. 

Bailey  Willis  examined  the  Lewis  and  Livingston  ranges  in 
Montana,  immediately  to  the  south  of  the  boundary  line  in  this 


Phosphate  Discovery  in  Rocky  Mts. — Adams  and  Dick   331 

district,  in  the  year  1902,  and  as  the  result  of  a  more  detailed 
study  of  the  succession  than  was  possible  in  Dawson's  case, 
arrived  at  the  conclusion  that  these  'Red  Beds'  (his  Kintla  forma- 
tion) are  much  older  than  Dawson  supposed,  being  probably 
referable  to  the  pre-Cambrian  ('Algonkian'),  while  the  under- 
lying limestone  formations  are  not  Carboniferous  but  still  older 
members  of  the  pre-Cambrian.  Daly  '  considers  the  'Red  Beds' 
to  be  pre-Devonian  in  age. 

Dawson  states  that  "the  division  between  series  F.  and  G. 
and  that  between  G.  and  H.  are  probably  not  of  great  importance. 
No  unconformity  obtains  and  very  similar  conditions  of  deposi- 
tion appear  to  have  prevailed  throughout.  .  .  .  The  divisions 
are,  therefore,  recognized  as  a  matter  of  convenience  only  and 
•  are  found  on  the  different  colours  of  the  formations  as  they  appear 
on  the  mountain  sides." 

While  examining  the  district  last  August,  a  magnificent  sec- 
tion through  the  upper  half  of  this  succession  was  found  on  the 
long  bare  ridge  running  parallel  to  the  North  Kootenay  Pass  and 
about  three  miles  north  of  the  east  summit.  Here  in  a  series  of 
brownish  yellow  and  orange  limestones,  which  occupy  the  posi- 
tion of  Dawson's  series  H.,  an  abundant  trilobite  and  brachiopod 
fauna  were  discovered.  The  specimens  collected  have  been  ex- 
amined by  Dr.  Kindle  and  Dr.  Burling  of  the  Geological  Survey 
of  Canada.  Among  them  are  representatives  of  the  genera 
Agraulos,  Albertella  and  Plychoparia,  which  definitely  fix  the 
horizon  as  belonging  to  the  lower  part  of  the  Middle  Cambrian. 
The  underlying  'Red  Beds'  with  the  limestones  beneath  them 
and  supposed  by  Dawson  to  be  Carboniferous,  are  lower  Cam- 
brian or  pre-Cambrian.  A  large  number  of  fossils  were  also  ob- 
tained from  the  great  series  of  limestones  forming  Summit  Moun- 
tain, which  rises  above  the  east  summit  of  the  North  Kootenay 
Pass.  These  were  collected  at  various  horizons  from  the  base 
to  the  summit  of  the  mountain  and  have  been  examined  by  Dr. 
Kindle.  They  prove  that  the  whole  excellently  stratified  suc- 
cession of  limestones  which  constitutes  Summit  Mountain  is  of 
upper  Devonian  age.     No  evidence  of  the  existence  of  Dawson's 


'North   American    Cordillera   on   the   Forty-ninth    Parallel,   Geological 
Survey  of  Canada,  Memoir  No.  38,  Part  1,  1912,  p.  83. 


332   Phosphate  Discovery  in  Rocky  Mts. — ^Adams  and  Dick 

fault  (a)  was  found  and  the  succession  west  of  fault  (b)  is  appar- 
ently continuous  and  conformable.  This  succession  is  shown  on 
Plate  2.  The  Cambrian  limestone  holding  the  fauna  of  trilobites 
and  brachiopods,  are  not  exposed  on  the  line  of  the  North 
Kootenay  Pass  itself,  although  they  actually  underlie  the  east 
summit  of  the  pass.  They  are  here  concealed  by  the  heavy 
mantle  of  talus  formed  of  material  which  has  fallen  from  the 
slopes  of  Summit  Mountain.  With  the  recognition  of  the  fact 
that  the  'Red  Beds'  are  not  Permian  but  lower  Cambrian  or  pre- 
Cambrian  in  age,  it  is  evident  that  the  underlying  limestones  of 
the  Siyeh  formation  are  not  Carboniferous  as  Dawson  supposed, 
but  that  they  also  are  lower  Cambrian  or  pre-Cambrian.  The 
Carboniferous  does  not,  therefore,  appear  in  this  section  and  the 
phosphate  horizon  is  not  represented  in  this  area.  Limestones 
of  Carboniferous  age  (Mississippian)  have,  however,  been  recog- 
nized on  the  west  side  of  the  Flathead  valley.  They  occur  over- 
lying similar  limestones  of  Devonian  age,  the  two  though  not 
distinguishable  in  the  field,  being  recognizable  by  paleaontolo- 
gical  evidence.  The  Carboniferous  limestone  constitutes  what  is 
known  as  the  Wardner  formation.'  These  limestone  formations 
are  dropped  down  by  a  great  fault  so  that  they  lie  in  contact  with 
series  of  much  older  date,  the  fault  in  question  having,  according 
to  Daly*  a  displacement  of  between  15,000  and  20,000  feet. 
Dowling^  refers  to  "the  down-tilted  block  of  Carboniferous  lime" 
stone  with  reddish  tinted  upper  beds  which  may  be  Permian  or 
Triassic."  The  geological  structure  of  this  district  has  not, 
however,  as  yet  been  worked  out.  It  would,  therefore,  be  ad- 
visable to  examine  this  section  on  the  North  Kootenay  Pass  to 
the  west  of  the  Flathead  River  for  the  purpose  of  ascertaining 
whether  any  upper  Carboniferous  beds  can  be  found  overlying 
the  Mississippian  limestones.  If  Dowling's  conjecture  that  the 
reddish  beds  to  which  he  refers  are  of  Permian  age,  the  strata  at 
their  base  would  form  a  probably  horizon  for  the  occurrence  of 


^Schofield,  S.  J.     The  Cranbrook  Map  Sheet.     Memoir.  76.,  Geological 
Survey  of  Canada,  1915. 

*Daly,  R.  A. — The  North  American  Cordillera,  Pt.  I.,  Geological  Survey 
of  Canada,  1912,  pp.  113  and  117. 

'Dowling,  D.  B. — The  Coal  Fields  of  British  Columbia,  Memoir.  69, 
Geological  Survey  of  Canada,  1915,  p.  52. 


Phosphate  Discovery  in  Rocky  Mts. — Adams  and  Dick  333 


334   Phosphate  Discovery  in  Rocky  Mts. — Adams  and  Dick 


Phosphate  Discovery  in  Rocky  Mts. — Adams  and  Dick   335 

phosphate  of  lime.  They  may,  however,  be  the  same  beds  as 
those  referred  to  by  Dawson.  The  district  is  one,  however,  in 
which  beds  of  phosphate  of  lime  are  likely  to  be  found. 

(b)  The  Crowsnest  Pass  at  Turtle  Mountain,  Alberta — A  great 
development  of  Devono-Carboniferous  rocks  is  here  exposed  on 
the  line  of  the  Canadian  Pacific  Railway,  and  have  been  studied 
by  Mr.  Leach  of  the  Geological  Survey  of  Canada.  These  rocks 
are  bounded  on  either  side  by  the  Fernie  shales,  which  are  of 
Jurassic  age.  To  the  west,  according  to  Leach,  these  shales 
overlie  the  Devono-Carboniferous  series  in  regular  succession, 
thus  showing  that  the  upper  or  Pennsylvanian  development  of 
the  Carboniferous  is  here  absent.  To  the  east  the  Fernie  shales 
are  shown  by  Leach  to  be  brought  against  the  Devono-Carboni- 
ferous by  a  fault.  The  Devono-Carboniferous  succession  on 
Turtle  Mountain  is  of  tolerably  uniform  character  throughout, 
consisting  of  heavily  bedded  bluish  gray  limestones  alternating 
with  beds  which  are  similar  in  appearance  but  which  are  composed 
of  magnesian  limestone.  As  stated  above  the  succession  here  is 
apparently  of  Devonion  or  lower  Carboniferous  age  and,  there- 
fore, too  low  down  in  the  series  to  contain  beds  of  phosphate  of 
lime  of  the  age  of  those  found  in  Montana  and  the  adjacent 
States. 

(c)  The  Rocky  Mountains  Park  at  Banff,  Alberta — In  this 
section  the  Carboniferous  has  an  entirely  different  development 
from  that  which  it  presents  on  either  of  the  other  two  lines  of 
section  examined  and  which  are  described  above.  Although 
more  distant  from  the  International  boundary  than  either  of  the 
other  sections,  and  no  less  than  350  miles  north  of  the  nearest 
occurrence  of  phosphate  in  the  United  States,  the  Carboniferous 
section  in  the  Rocky  Mountains  Park  at  Banff  resembles  in  many 
respects  that  which  is  found  in  Montana.  The  geological  suc- 
cession in  the  Rocky  Mountains  Park  has  been  mapped  and 
described  in  detail  by  Messrs.  McConnell,  Dowling,  and  Allan,  of 
the  Geological  Survey  of  Canada.  Dr.  Allan's  map  and  descrip- 
tion is  to  be  found  in  Guide  Book  No.  8,  Part  II,  which  was  pre- 
pared for  the  transcontinental  excursion  of  the  International 
Geological  Congress  in  1913,  and  which  was  issued  by  the  Geo- 
logical Survey  of  Canada. 
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The  Carboniferous  succession  according  to  Dr.  Allan  is  as 
follows : — 


Carboniferous.  . 

Pennsyl- 

Rocky  Mountain 

800  ft. 

White  to  gray  quart- 

vanian 

quartzite. 

zite  and  arenaceous 
siliceous  limestone. 

Upper  Banff 

2300  ft. 

Thick   bedded    dark 

limestone. 

gray  limestones 
with  numerous  thin 
cherty  layers  under- 
lain by  thin  bedded 
limestone  and 
shale  weathering 

Mississip- 

Lower  Banff 

1200  ft. 

gray. 
Black  to  dark  gray 

pian. 

shale. 

shale,     argillaceous 
and  calcareous; 
weathering  light 
brown. 

Lower  Banff 

1500  ft. 

Thick    bedded    gray 

limestone. 

limestones  with  nu- 
merous dolomitic 

Devonian 

Intermediate 
limestone. 

1800  ft. 

segregations. 
Thin  bedded  lime- 
stones,  with   alter- 
nating   more    mas- 
sive layers  of  gray 
dolomitic  and   sili- 
ceous limestone. 

As  will  be  seen  it  presents  the  fourfold  sub-division  already 
noted  in  the  Carboniferous  at  Maiden  Rock,  Montana. 

In  the  Georgetown  area  of  Idaho  the  phosphate  beds  occur 
just  above  the  Wells  formations  which  is  of  Pennsylvanian  age 
(Upper  Carboniferous)  the  overlying  rocks  consisting  of  one  or 
more  massive  strata  of  cherty  limestone  or  chert.  And  it  is  of 
especial  interest  to  note  that  near  the  base  of  the  Wells  formation 
a  large  variety  of  spirifer  rockymontanus  is  especially  abundant. 
Allan  in  the  Guide  Book  mentioned  above,  in  referring  to  the 
Upper  Banff  limestone  of  the  Park,  says:  "It  is  shaly  at  the 
bottom,  but  more  massive  towards  the  top.  Cherty  lenses  and 
cherty  shale  interbedded  with  the  lower  shaly  limestone  help  to 
distinguish  this  formation  from  the  shale  below.  Fossils,  e.g., 
spirifer  rockymontanus,  are  quite  abundant  throughout  the 
lower  beds  in  this  series." 
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Discovery  of  Phosphate  Rock  in  the  Rocky  Mountains 
Park  at  Banff 

From  the  presence  of  the  fossil  just  mentioned  and  from  an 
examination  of  the  stratigraphical  succession,  it  seemed  probable 
that  if  the  phosphate  was  present  in  the  Banff  area  and  occurred 
at  the  same  horizon  as  in  Montana  and  Idaho,  it  would  be  found 
somewhere  near  the  contact  of  the  Rocky  Mountain  quartzite 
and  the  Upper  Banff  limestone.  The  distribution  of  these  two 
formations  is  well  shown  in  the  geological  map  of  this  area  to  be 
found  in  the  Guide  Book  of  the  International  Geological  Con- 
gress. It  will  be  noted  on  consulting  it  that  the  formations  are 
repeated  by  faulting  and  appear  as  sets  of  parallel  bands  which 
cross  this  area  four  times  in  a  general  north-west  and  south-east 
direction.  As  will  be  seen,  Forty  Mile  Creek,  a  small  rapid 
stream  which  flows  into  the  Bow  River  near  Banff,  crosses  the 
Rocky  Mountain  quartzite  and  the  Upper  Banff  limestone  three 
times,  and  a  search  was  accordingly  first  made  along  the  shingle 
and  blocks  of  loose  rock  which  are  being  carried  down  by  this 
stream  for  'float'  of  phosphate  rock.  The  creek  was  carefully 
examined  along  that  portion  of  its  course  where  it  runs  between 
Cascade  and  Stoney  Squaw  mountains,  and  the  search  was 
finally  rewarded  by  the  discovery  of  a  large  mass  of  compact 
phosphate  rock.  This  was  found  by  the  side  of  the  creek  at  a 
point  opposite  the  south-eastern  end  of  Stoney  Squaw  mountain 
where  the  pipe  line  which  conveys  water  from  Forty  Mile  Creek 
to  Banff  first  approaches  close  to  the  creek  from  the  south  and 
where  the  bank  on  the  opposite  side  of  the  creek  forms  a  steep 
wall  coming  down  to  the  water's  edge.  This  mass  of  phosphate 
'float'  was  partly  rounded,  and  weighed  31  pounds.  It  measured 
10  inches  by  8  inches  by  6  inches,  showing  that  it  must  have  been 
derived  from  a  bed  of  some  considerable  thickness.  It  belongs 
to  one  of  the  harder  and  more  compact  varieties  of  phosphate 
rock  which  are  found  in  the  Montana  field  and  which  have  been 
referred  to  in  the  description  of  the  phosphate  occurrences  of 
that  State  as  somewhat  resembling  a  basalt  on  the  fresh  fracture. 
Only  a  hard  variety  of  the  phosphate  could  survive  the  violent 
attrition  to  which  the  rock  talus  is  subjected  in  such  a  swift  and 
turbulent  stream;  any  of  the  softer  varieties,  which  may  have 
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Plate  V — Photomicrographs  of  phosphate  rock,  Forty-mile  Creek,  Rocky 

Mountains  Park,  Banff,  Alberta. 

Magnified  56  diameters. 
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No.  1 


Plate  VI — Photomicrographs  of  phosphate  rock,  Forty-mile  Creek,  Rocky 

Mountains  Park,  Banff,  Alberta. 

Magnified  56  diameters. 


340   Phosphate  Discovery  in  Rocky  Mts. — Adams  and  Dick 

been  associated  with  it,  would  have  been  completely  disinte- 
grated and  ground  to  powder  by  the  abrasive  action  of  the 
swiftly  running  water.     The  phosphate  rock  found  in  the  bed  of 
Forty  Mile  Creek  is  very  fine  grained  and  massive  in  character, 
black  in  colour  and  looks  like  basalt.     A  careful  examination  of 
its  broken  surface  with  a  good  lens  shows  the  oolitic  structure — 
which  has  been  referred  to  as  characterizing   this  rock — quite 
distinctly,  with  the  presence  of  occasional  dark  rod-like  objects 
described  below  as  seen  in  the  thin  sections.     In  places  the  rock 
also  shows  minute  irregular  shaped  cavities  lined  with  a  coating 
of  some  secondary  mineral.     In  these  cavities,  in  one  or  two 
places,  little  aggregates  of  minute,  transparent,  vitreous,  crystals, 
colourless  to  deep  purple  in  colour,  were  observed.     These  are 
in  all  probability  fiuorite.     When  thin  sections  of  the  rock  are 
examined  under  the  microscope,  it  is  seen  to  be  composed  of 
angular  and  sub-angular  grains  of  clear  colourless  quartz  em- 
bedded in  a  matrix  of  phosphate  of  lime.    This  matrix  is  brown 
in  colour  and  turbid  in  appearance,  being  translucent  rather  than 
transparent.     It  is  isotropic,  showing  in  some  places,  however,  a 
very  low  double  refraction.     In  this  phosphate  there  are  dis- 
tributed here  and  there  irregular  shaped  ill-defined  darker  areas, 
which  apparently  owe  their  deeper  colour  to  the  presence  of 
organic  matter.     The  phosphate  of  lime  shows  a  very  striking 
oolitic  or  concretionary  structure.     (See  Plate  5).     This  struc- 
ture marked  by  the  presence  of  thin  concentric  bands  alternately 
lighter  and  darker  in  colour,  can  sometimes  be  seen  as  a  border 
about  the  quartz  grains  as  if  the  phosphate  had  been  deposited 
around   them.     (See    Plate   5,    No.    1).     But   it  is  seen  in  the 
most  striking  form  in  the  areas  of  phosphate  lying  between  the 
grains  of  quartz.     Here  the  mineral  often  takes  the  form  of  little 
spheres  formed  of  successive  zones  varying  in  depth  of  colour. 
These  are  sometimes,  and  in  fact  usually,  quite  spherical  in  out- 
line, several  of  them  often  occurring  together  in  the  space  be- 
tween a  number  of  adjacent  grains  of  quartz,  the  interval  between 
the  spheres  being  occupied  by  structureless  phosphate.     Occa- 
sionally, however,  instead  of  spherical  forms,  elongated  outlines, 
like  those  which  would  be  produced  by  cutting  short  stout  rods  or 
cylinders,  are  seen.     These  show  circular  or  elliptical  cross  sec- 
tions, suggesting  that  many  of  the  apparently  spherical  concre- 
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tions  may  really  be  transverse  sections  of  these  rods.  As  a  matter 
of  fact,  however,  both  are  present.  (See  Plate  5,  No.  2).  In 
some  few  cases  also,  forms  resembling  sections  through  minute 
fragments  of  ostracod  shells  and  other  organic  forms  are  seen. 
(See  Plate  6,  No.  1.)  In  some  of  the  thin  sections  a  few  of  these 
rounded,  elliptical  and  rod-like  forms  are  seen  to  be  composed  of, 
or  filled  with,  an  isotropic  mineral  of  a  deep  purple  colour,  the 
colour  being  so  intense  in  most  cases  that  the  mineral  in  nearly 
opaque.  This  mineral  also  occurs  disseminated  in  the  phosphate. 
It  resembles  fluorite  in  colour  but  its  opacity  suggests  a  doubt 
as  to  whether  it  is  really  referable  to  this  species.  The  rounded 
black  forms  shown  in  the  photomicrograph  on  Plate  6,  No.  2 
are  composed  of  this  mineral.  An  occasional  grain  of  brown 
tourmaline  and  of  zircon  is  also  seen  in  the  thin  sections. 

A  specimen  of  this  phosphate  rock  was,  at  the  direction  of 
the  Deputy  Minister  of  Mines,  analyzed  by  Mr.  M.  F.  Connor, 
of  the  Department  of  Mines.  It  was  found  to  have  the  following 
composition : — 

Lime 33 .  70  per  cent. 

Phosphoric  acid  (P3O3) 24. 71 

Silica 38.41 

Ferric  Oxide  and  Alumina 57 

Magnesia 21 

Manganous  Oxide Trace. 

Fluorine 150 

Alkalies 40 

Water  and  Organic  Matter 1 .  10 


Less  Oxygen 


100.63 
.66 


Total 99.97 


There  is  present  phosphate  of  lime  (3  CaO,  P2OS) — 53.95 
per  cent. 

The  discovery  of  the  phosphate  rock  as  'float'  in  Forty  Mile 
Creek  has  demonstrated  that  the  deposits  of  this  rock  must  exist 
somewhere  along  the  course  of  this  stream.     Time  did  not,  how- 
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ever,  permit  of  a  careful  examination  of  the  several  belts  of  strata 
which  have  been  mentioned  above  as  those  in  which  the  phos- 
phate rock  was  most  likely  to  occur,  and  which  repeatedly  cross 
the  creek.  A  search  was  made,  however,  on  Stoney  Squaw 
mountain,  which  is  crossed  by  the  contact  of  the  Rocky  Mpun- 
tain  quartzite  and  the  Upper  Banff  limestone,  and  which  thus 
seemed  to  present  a  probable  locality  for  the  occurrence  of  phos- 
phate. The  mountain,  having  a  height  of  6,160  feet,  lies  imme- 
diately to  the  south  of  Cascade  Mountain,  which  rises  to  an 
elevation  of  9,825  feet.  The  narrow  valley  between  is  occupied 
by  Forty  Mile  Creek,  which  flows  into  the  Bow  River  near  Banff. 
On  Dr.  Allan's  map,  to  which  reference  has  been  made,  the  geo- 
logy of  Stoney  Squaw  Mountain  is  not  shown  quite  accurately, 
for  the  contact  of  the  Rocky  Mountain  quartzite  with  the  Upper 
Banff  limestone,  instead  of  crossing  near  the  foot  of  the  mountain 
on  the  eastern  side,  really  passes  over  the  western  slope,  the 
mountain  being  thus  composed  almost  entirely  of  the  Upper 
Banff  limestone  formation.  The  Upper  Banff  limestone  here 
consists  of  beds  of  pure  limestone  interstratified  with  beds  of 
highly  magnesian  limestone,  the  whole  dipping  to  the  west.  The 
limestones,  and  especially  the  magnesian  limestones,  often  con- 
tain much  chert  in  the  form  of  nodules  and  irregular  masses, 
while  heavy  beds  of  chert  mark  the  contact  of  this  formation  with 
the  overlying  Rocky  Mountain  quartzite.  At  one  point  on  the 
southern  slope  of  the  mountain,  in  a  depression  which  marks  the 
contact  of  the  Rocky  Mountain  quartzite  and  the  Upper  Banff 
limestone  (see  Plate  4),  a  loose  angular  mass  of  quartzite, 
evidently  derived  from  the  underlying  strata,  was  found,  which 
on  examination,  was  seen  to  contain  a  considerable  percentage  of 
phosphate  of  lime.  While  not  itself  sufficiently  rich  in  phos- 
phoric acid  to  be  exploited  for  that  material,  its  discovery  at 
this,  which  is  the  exact  horizon  in  which,  as  has  been  indicated, 
phosphate  rock  might  be  expected  to  occur,  serves  to  stimulate 
search  along  this  line  of  contact  for  other  larger  and  richer  bodies 
of  this  valuable  material.  This  rock  in  which  phosphate  was 
found  is  a  quartzite,  fine  grained  and  dark  gray  in  colour,  the 
phosphatic  portions  not  being  readily  dis;tinguished  from  the 
normal  rock.  Under  the  microscope  it  is  seen  to  be  composed  of 
angular,  semi-angular  and  rounded  grains  of  quartz  with  a  small 
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amount  of  feldspar  and  a  little  dark  organic  matter  between  the 
grains.  A  few  minute  grains  of  monazite  or  zircon,  with  high 
index  of  refraction  and  high  double  refraction,  but  without  good 
crystallographic  form — such  as  are  so  frequently  seen  in  sand- 
stones derived  from  the  disintegration  of  granite  rocks — are  also 
present.  The  phosphate  is  dark  in  colour,  isotropic  and  in  those 
portions  of  the  rock  where  it  is  present  lies  between  the  quartz 
grains,  embedding  them  and  cementing  them  together.  It 
shows  the  same  oolitic  structure  as  is  seen  in  phosphate  rock 
found  in  Forty  Mile  Creek,  but  this  structure  is  usually  not  de- 
veloped in  such  a  striking  manner.  A  chemical  examination  of 
this  rock  shows  the  content  of  phosphoric  acid  to  be  as  follows: 
Phosphoric  acid  (PzOj),  7.6  per  cent.  This  is  equivalent  to  a 
content  of  16.6  per  cent,  of  tricalcium  phosphate.  A  significant 
fact  in  this  connection  is  that  while  specimens  of  the  magnesian 
limestones  of  the  Upper  Banff  limestones  have  been  found  to  be 
free  from  phosphoric  acid,  the  cherts  which  occur  in  the  formation 
and  along  its  contact  with  the  overlying  Rocky  Mountain  quartz- 
ite  uniformly  contain  small  amounts  of  this  acid.  Having  found 
this  to  be  true  from  qualitative  tests  made  on  these  cherts,  four 
typical  specimens  of  chert  from  different  parts  of  Stoney  Squaw 
Mountain  were  collected  and  the  amount  of  phosphoric  acid 
which  they  contained  was  determined  quantitatively  in  the 
Laboratory  of  the  Department  of  Mines,  with  the  following 
result: 

Phosphoric  acid,  P2O3  — No.  1 15  per  cent. 

"     —No.  2 10     "     " 

"     —No.  3 06     "     " 

"     —No.  4 30     "     " 

The  almost  invariable  presence  of  chert  in  association  with 
the  phosphate  beds  in  the  Western  States,  which  has  previously 
been  mentioned,  and  the  presence  of  phosphoric  acid  in  the  chert 
of  this  Banff  district,  suggests  that  there  is  some  genetic  connec- 
tion between  the  chert  and  the  phosphate  rock  and  that  the  pres- 
ence of  phosphoric  acid  bearing  cherts  may  be  an  indication  of 
the  proximity  of  phosphate  deposits. 

A  more  extended  account  of  the  geology  of  the  district  about 
Banff  in  which  the  deposits  of  phosphate  of  lime  have  been  dis- 
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covered  is  to  be  found  in  a  special  bulletin  by  the  writers  which, 
with  many  maps  and  photographs  illustrating  the  text,  is  issued 
by  the  Commission  of  Conservation  at  Ottawa,  under  the  title 
"Discovery  of  Phosphate  of  Lime  in  the  Rocky  Mountains." 
In  this  is  to  be  found  also  full  directions  for  prospectors  for  whom 
this  field  and  its  extension  to  the  north  and  south  offers  an  ex- 
cellent field  for  exploration. 

Note. — When  in  September  last  the  existence  of  beds  of 
phosphate  of  lime  in  the  Banff  district  was  discovered,  full  in- 
formation concerning  the  fact  was  at  once  communicated  to  Mr. 
R.  G.  McConnell,  Deputy  Minister  of  Mines;  and  Mr.  Hugh 
S.  de  Schmid,  of  the  Mines  Branch  of  the  Department  of  Mines, 
was  sent  to  make  a  further  study  of  this  area.  Mr.  de  Schmid's 
report,  entitled  "Investigation  of  a  Reported  Discovery  of  Phos- 
phate in  Alberta,"  Mines  Branch,  Department  of  Mines,  Ottawa, 
has  just  been  published — (March,  1916) —  and  shows  that  his 
investigation  in  the  area  about  Banff  resulted  in  the  location  of 
at  least  two  beds  of  phosphate  of  lime,  the  larger  having  a  thick- 
ness of  2  feet,  and  the  area  containing  some  26,000,000  tons  of 
phosphate  rock. 


Discussion 


Dr.  W.  F.  Ferrier: — From  1904  to  1908  I  was  engaged  in 
exploration  and  development  of  the  phosphate  deposits  in  the 
Western  States  to  which  Dr.  Adams  has  made  reference.  It 
was  not  until  1906  that  the  United  States  Geological  Survey 
had  parties  in  the  field  to  investigate  these  deposits.  I  was  in 
charge  of  the  work  for  my  principals  for  four  years,  and  traced 
the  deposits  over  the  States  of  Utah,  Idaho,  Wyoming,  and  Ne- 
vada almost  to  the  borders  of  California.  When  in  Washington 
I  urged  the  U.  S.  Geological  Survey  to  put  parties  in  the  field ; 
and  eventually  Mr.  F.  B.  W'eeks  was  assigned  to  the  work.  I 
had  been  asked  by  the  Director  to  write  a  Bulletin  for  the  U.S. 
Geological  Survey,  but  as  I  represented  private  interests  I  de- 
clined the  invitation  to  undertake  the  sole  authorship  of  such 
a  report,  offering  instead  to  place  all  the  material  and  facts  we 
had  accumulated  at  the  disposal  of  Mr.  Weeks,  to  give  him 
access  to  all  our  plans,  sections,  and  collections  of  fossils,  and 
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to  guide  him  over  the  ground.  The  offer  was  accepted,  and  in 
1906  a  report  was  published  by  the  U.S.  Geological  Survey, 
entitled:  "Phosphate  Deposits  in  the  Western  States,  by  F.  B. 
Weeks  and  W.  F.  Ferrier."  The  first  phosphate  was  mined  and 
shipped  from  the  Waterloo  claim,  at  Montpelier,  Idaho.  We 
were  fortunate  in  the  location  of  that  property  because  the  main 
phosphate  bed,  which  is  about  five  feet  thick  and  very  uniform, 
was  covered,  over  a  large  area,  by  a  bed  of  limestone  only,  about 
18  inches  thick,  very  hard,  and  full  of  fossils.  This  bed  had  pro- 
tected the  underlying  phosphate  from  erosion  and  by  merely 
stripping  it  away  we  were  able  to  obtain  many  thousand 
tons  of  phosphate  before  we  were  forced  to  go  underground. 
The  phosphate  was  so  soft  at  first  that  we  used  coal  augers  and 
light  charges  of  black  powder.  At  this  time  I  urged  my  prin- 
cipals to  investigate  the  occurrences  which  I  felt  confident,  from 
a  study  of  the  maps  and  reports  of  the  Canadian  Geological 
Survey,  would  be  found  to  extend  into  Canada.  My  chief  reason 
for  doing  so  was  that  there  were  certain  difficulties  regarding 
railroad  rates  for  the  shipment  of  phosphate  in  and  from  the 
United  States,  and  it  was  impossible  to  get  a  combined  rail  and 
steamship  rate.  At  that  time  the  best  field  for  the  phos- 
phate industry  lay  in  the  export  trade,  the  amount  required  for 
the  W^estern  States  being  very  trifling  and  the  rates  for  ship- 
ments to  the  eastern  market  prohibitive.  We  sent  shipments 
to  Australia  and  had  enquiries  from  Germany,  Japan,  and  Hono- 
lulu, so  that  if  we  had  found  phosphate  in  Canada  we  would  not 
only  have  had  a  shorter  railroad  haul,  with  the  possibility  of 
getting  acid  at  the  coast,  but  also  much  better  facilities  for 
shipments  abroad.  I  had  also  indicated  that  some  phosphate 
might  be  found  in  Nova  Scotia,  although  aware  that  the 
Carboniferous  rocks  there  belonged  to  a  lower  horizon.  I  was 
sent  to  investigate  some  copper  properties  in  Nova  Scotia; 
so  that  my  first  search  for  phosphate  was  made  there  instead 
of  in  British  Columbia  and  Alberta.  I  intended  to  go  to 
Alberta  the  next  season,  but  circumstances  prevented  and 
nothing  further  was  done.  When  I  returned  to  Canada  my 
thoughts  were  still  on  the  possibilities  of  finding  the  phosphate, 
but  I  found  it  exceedingly  difficult  to  interest  anyone  in 
the    subject.      Finally    I   succeeded,    and    the    credit    belongs 
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chiefly  to  Sir  Edmund  Walker,  who  has  always  taken  a  keen  in- 
terest in  geology  and  is,  as  is  known,  a  warm  friend  of  our  Geo- 
logical Survey.  He  appreciated  the  situation  and  it  was  through 
him  with  others  that  I  was  enabled  to  do  my  first  work.  After- 
wards Mr.  C.  C.  Ray  of  Ottawa  became  interested  and  enabled 
me  to  continue  the  search  for  commercial  deposits.  The  first 
field  work  I  did  was  in  1912,  and  the  first  discovery  of  phosphate 
was  made  on  June  11th  of  that  year,  at  practically  the  same 
place  where  Dr.  Adams  found  it.  The  float  occurred  on  the  old 
timber  slide  going  up  to  the  divide  by  Stony  Squaw  mountain 
at  Banff.  I  traced  it  over  the  divide  to  Forty-Mile  creek.  All 
over  the  Banff  area  I  found  small  beds  or  layers  of  phosphate 
rock,  but  nothing  of  sufficient  size  to  be  commercially  valuable 
under  present  conditions.  I  tried  to  obtain  permission  to  pub- 
lish my  results,  and  when  Dr.  Adams'  find  was  announced  in 
the  papers,  made  a  trip  to  Ottawa.  I  was  not  even  permitted  to 
say  that  I  had  found  phosphate.  In  fact  it  was  only  the  day  be- 
fore I  left  for  Ottawa  to  attend  this  meeting  that  I  finally  re- 
ceived permission  by  telegraph  to  make  the  matter  public. 
Dr.  Adams  is  quite  correct  in  saying  that  nothing  was  published 
on  the  subject,  but  I  have  done  detailed  work  during  four  seasons 
and  covered  ground  not  only  in  the  Banff  area  but  also  in  the 
Yellowhead  Pass,  the  Crowsnest  Pass,  and  south  to  the  Inter- 
national boundary.  I  may  say  that  I  think  the  Geological 
Survey  deserves  great  credit  for  the  excellent  maps  and  sections 
prepared,  some  of  them  as  early  as  1886,  of  the  districts  in  which 
I  worked.  It  was  whilst  studying  those  maps  and  the  reports 
that  I  became  convinced  phosphate  was  to  be  found  in  Canada 
and  I  found  that  I  could  roughly  correlate  the  geological  divisions 
with  those  of  the  Western  States  before  I  had  seen  them  in  the 
field.  Mr.  James  McEvoy  was  with  me  during  part  of  my  later 
work.  In  1905,  when  in  the  Western  States,  I  had  knowledge, 
through  one  of  my  assistants,  of  the  occurrence  of  phosphate  in 
Montana,  but  the  grade  was  so  much  lower  than  what  we  had  else- 
where— our  phosphate  beds  ran  from  70  to  80  per  cent  tribasic 
calcium  phosphate — and  the  conditions  for  development  at  our 
principal  mine  were  so  nearly  ideal  that  I  did  not  consider  it 
worth  while  to  investigate  at  the  time.  With  regard  to  my 
work  in  Canada  I  hope  to  obtain  further  permission  to  publish 
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a  paper,  because  I  think  all  such  matters  ought  to  be  made  pub- 
lic, and  I  am,  personally,  quite  willing  to  give  all  the  informa- 
tion I  can.  During  my  detailed  examinations  of  the  geological 
sections  throughout  the  country  from  the  Yellowhead  Pass  to 
the  International  boundary  many  interesting  facts  were  noted, 
but  time  will  not  permit  me  to  discuss  them  here.  The  thickness 
of  some  of  the  divisions  of  the  Carboniferous  as  given  in  the 
Geological  Survey  reports,  is,  I  think,  overestimated,  and  I  am 
convinced  that  much  of  the  Upper  Banff  Shale  is  really  Jurassic, 
possibly  in  part  Triassic.  Ammonites  were  found  abundantly 
in  areas  mapped  as  Upper  Banff  Shale. 

There  are  one  or  two  things  I  would  like  to  mention  in  con- 
nection with  Dr.  Adams'  published  report.  With  regard  to  the 
horizon  of  the  phosphate  beds  he  indicates  that  somewhere  near 
the  contact  of  the  Upper  Banff  limestone  and  the  Rocky  Moun- 
tain quartzite  is  the  place  to  look  for  them ;  but  in  fact  what  has 
been  found  lies  high  up  in  the  Rocky  Mountain  quartzite,  near 
the  top,  and  not  at  the  base.  In  the  Banff  area  I  have  found 
only  small  beds  or  layers,  not  over  12  inches  or  so  in  thickness, 
running  up  to  22%  or  23%  phosphoric  acid,  and  similar  beds 
with  somewhat  higher  percentages  elsewhere.  Some  shalybeds 
overlying  the  Rocky  Mountain  quartzite  are  also  strongly 
phosphatic.  An  interesting  occurrence  of  phosphatic  nodules 
and  fragments  is  to  be  seen  in  the  highly  tilted  beds  which  form 
the  east  bank  of  the  Bow  river,  for  a  long  distance,  at  Banff. 
The  line  of  strike  of  this  phosphate  horizon  extends  from  the 
Bow  river  over  to  Forty- mile  creek,  as  may  be  seen  by  the 
geological  map  of  this  region.  I  would  suggest  that  in  pointing 
out  to  the  prospector  what  to  do  to  identify  phosphate  rock, 
a  more  simple  way  than  the  one  described  is  to  carry  a  few 
crystals  of  ammonium  molybdate  and  a  small  bottle  of  nitric 
acid.  A  minute  fragment  of  the  ammonium  molybdate  placed 
on  the  rock  and  moistened  with  acid  will  give,  in  the  case  of 
phosphate  rock,  a  bright  yellow  coloration,  varying  in  in- 
tensity according  to  the  percentage  of  phosphoric  acid  con- 
tained in  the  rock.  In  conclusion,  beds  of  phosphate,  though 
very  small,  were  found  in  all  the  sections  examined,  and 
I  am  sorry  to  say  that  up  to  this  day  nothing  has  been  found  to 
compare  with  the  deposits  of  the  Western  States,  and  nothing 
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that  I  could  conscientiously  recommend  for  the  expenditure  of 
capital. 

Dr.  F.  D.  Adams: — I  have  been  very  much  interested  in  Dr. 
Ferrier's  statement.  I  am  indeed  sorry  that  he  was  unable  to 
obtain  permission  to  publish  his  information  earlier,  for  it 
would  have  saved  a  good  deal  of  trouble  on  our  part.  But  now 
that  it  has  been  made  public,  probably  he  will  be  able  to  induce 
his  principals  to  allow  him  to  publish  the  results  of  the  investi- 
gation that  he  obtained  with  such  labour  and  skill  during  the 
last  four  years. 

Mr.  H.  E.  T.  Haultain: — I  make  the  most  profound 
obeisance  to  these  two  geologists:  Dr  Adams'  work  represents 
the  most  magnificent  piece  of  prospecting  of  which  one  has  know- 
ledge, and  I  have  no  doubt  the  work  of  Dr.  Ferrier  was  no  less 
admirable. 

Dr.  L.  D.  Burling: — The  suggestion  of  Dr.  Ferrier  regard- 
ing the  reference  of  the  Upper  Banff  shale  to  the  Jurassic 
may  justify  me  in  stating,  at  the  present  time,  that  work  by 
members  of  the  Survey  during  the  past  summer  has  apparently 
proven  the  so-called  fault  block  of  Jurassic  shales  outcropping 
just  west  of  Massive  on  the  Canadian  Pacific  Railway  in  Alberta, 
to  be  a  representative  of  the  Upper  Banff  shale,  and  that  among 
fossils  occurring  in  this  shale  we  have  been  successful  in  find- 
ing several  invertebrates  and  two  or  more  genera  of  fish,  seems 
to  warrant  the  asjsignment  of  the  Upper  Banff  shale  to  a  position 
higher  than  the  Permian,  possibly  as  high  as  the  lower  Triassic. 
The  location  of  the  phosphate  horizon  at  the  top  of  the  Rocky 
Mountain  quartzite  and  its  apparent  extension  into  the  overly- 
ing shale,  indicates  a  closeness  of  relationship  between  the  quartz- 
ite and  the  Upper  Banff  shale  which  is  difficult  of  explanation 
unless  the  quartzite  is  younger  than  the  Pennsylvanian.  How- 
ever, this  change  in  the  age  of  the  rocks,  identified  with  the  phos- 
phate horizon  in  British  Columbia  and  Alberta,  does  not  mean 
that  the  phosphate  here  is  younger  than  that  of  Wyoming  and 
the  other  states  to  the  south,  or  that  they  are  not  to  be  correlated. 
The  discoveries  in  the  north  merely  corroborate  a  growing  be- 
lief among  paleontologists  that  the  so-called  Permo-Carbonif- 
erous  rocks  of  the  entire  Rocky  Mountain  province  are  to  be 
assigned  to  the  Triassic. 


THE  MINERAL  DEPOSITS  OF  THE  BUCKINGHAM 
MAP-AREA,  QUE. 

By  M.  E.  Wilson,  Ottawa,  Ont. 

Annual  Meeting,  Ottawa,  1916 

The  present  paper  is  a  preliminiary  rtalement  of  some  of 
the  more  important  results  of  a  recent  geological  survey  in  the 
Buckingham  District,  Que.,  and  has  special  reference  to  the  oc- 
currences of  commercially  valuable  minerals.  Since  a  descrip- 
tion of  the  mineral  occurrences  necessarily  includes  some  refer- 
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Fig.  1. — Index  map  showing  position  of  the  Buckingham  map-area. 
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ence  to  the  geology  of  the  region,  the  statement  which  follows  has 
been  divided  into  two  parts :  an  introductory  section  in  which  the 
geology  of  the  area  is  briefly  described,  and  a  second  portion,  in 
which  the  character  and  origin  of  the  most  important  types  of 
mineral   deposits   are  discussed. 

General  Geology. 

The  rocks  occurring  in  the  Buckingham  map-area,  if  classi- 
fied according  to  their  stratigraphical  and  structural  relative- 
ships,  fall  naturally  into  four  great  groups:  (1)  a  basal  complex 
which  includes  all  the  rocks  which  have  suffered  regional  meta- 
morphism,  (2)  those  Pre-Cambrian  rocks  which  have  not  suf- 
fered regional  metamorphism  and,  in  contrast  with  the  basal 
complex,  may  be  regarded  as  late  Pre-Cambrian  in  age,  (3)  the 
Palaeozoic  sediments  and  (4)  the  Pleistocene  and  recent 
deposits. 

Basement  Complex. 

The  first  of  these  groups  is  composed  of  a  heterogenous  as- 
semblage of  rock  types,  which  have  been  so  greatly  deformed 
and  metamorphosed  that  their  original  character  and  relation- 
ships to  one  another  are  now  very  difficult  to  determine.  They 
thus  present  a  striking  contrast  to  the  rocks  that  succeed  them, 
in  that  the  latter  are  only  slightly  metamorphosed,  and  retain 
all  the  characteristic  features  which  they   originally  possessed 

Grenville  series: — The  oldest  and  most  extensive  of  these 
rocks  composing  the  basal  complex  belong  to  a  group  of  highly 
metamorphosed  and  crumpled  sediments  which  is  generally  known 
as  the  Grenville  series.  It  is  believed  that  the  rocks  of  this 
series  were  originally  laid  down  as  alternating  beds  of  shale, 
sandstone  and  limestone,  but,  owing  to  the  metamorphism  to 
which  they  have  been  subjected,  the  limestone  has  been  trans- 
formed into  crystalline  limestone,  the  sandstone  into  vitreous 
quartz,  and  the  shale  into  sillimanite  garnet  gneiss. 

Buckingham  series: — The  members  of  the  basement  com- 
plex next  in  age  to  the  Grenville  series  belong  to  a  group  of  igne- 
ous rocks,  which,  although  ranging  in  composition  from  granite 
to  peridotite,  have  so  many  features  in  common  as  to  indicate 
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that  they  are  genetically  related  to  one  another.  These  rocks 
have  all  a  granular  texture,  generally  contain  a  relati\'ely  high 
percentage  .of  potash  and,  except  in  the  pegmatite  members, 
usually  ha^•e  a  pink  to  pale  green  pyroxene  as  their  most  abundant 
constituent.  They  have  been  intruded  into  the  Grenville  series, 
partly  as  thin  bands  injected  between  the  beds,  and  partly  as 
lenticular  bosses.  In  consideration  of  their  wide  extent,  their 
peculiar  mineralogical  composition,  their  evident  genetic  rela- 
tionship  to  one  another,   and   their  probable  approximate  con- 


Interstratified  granite  gneiss  and  quartzite,  lot  6,  range  1, 
Portland  East  township. 

temporaneity  in  age,  it  has  been  deemed  advisable  to  group  them 
together,  and  to  refer  to  them  under  a  local  name — the  Bucking- 
ham series. 

Contact  Pyroxenite: — Throughout  nearly  the  whole  of  the 
Buckingham  map-area  there  are  numerous  irregular  masses  and 
bands  of  a  rock  mainly  composed  of  a  pale  green  pyroxene,  hav- 
ing approximately  the  composition  of  diopside,  which  has  been 
generally  described  as  pyroxenite.  From  a  study  of  the  char- 
acter and  relationships  of  these  deposits  in  the  field  it  has  been 
concluded  that  they  have  been  formed  from  the  limestone  mem- 
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ber  of  the  Grenville  series,  by  the  action  of  pegmatitic  solutions 
emanating  from  the  intrusives  of  the  Buckingham  series,  and 
since  the  name  'pyroxenite'  is  usually  used  to  designate  a  rock 
of  igneous  origin,  in  order  to  distinguish  this  secondary  pyro- 
xenite from  the  normal  igneous  type,  the  name  'contact  pyroxe- 
nite' will  be  used. 

Granite  gneiss,   syenite  gneiss  and    syenite  porphyry: — In   a 
number  of  localities  in  the  Buckingham  map-area  the  rocks  of 


Granite  gneiss,  lot  13,  range  10,  Templeton  township. 

the  Grenville  and  Buckingham  series  are  intruded  by  bosses  and 
dykes  of  granite  and  syenite;  although  these  rocks  cut  off  the 
older  series  in  such  a  manner  as  to  indicate  that  they  are  consider- 
ably younger  in  age,  they  are  generally  foliated,  and  on  this  ac- 
count have  been  included  in  the  basal  complex.  Lithologically, 
the  granite  and  syenite  are  fresh  grey  to  pink,  medium-grained 
rocks  consisting  of  granular  feldspar  or  feldspar  and  quartz  with 
biotite  and  hornblende  as  ferromagnesian  constituents.  In  some 
masses  the  rocks  of  this  class  were  observed  to  be  porphyritic. 
Pegmatite: — Throughout  the  whole  of  the  Buckingham  map- 
area  the  rocks  of  the  basal  complex  previously  described  are  in- 
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truded  by  numerous  irregular  masses  and  dykes  of  pegmatite. 
These  intrusions  are  not  all  of  the  same  age,  however;  part  of 
the  pegmatite  has  been  derived  from  the  intrusions  of  the  Buck- 
ingham series,  while  other  portions  cut  the  masses  of  granite  and 
syenite,  and  have  probably  been  derived  from  these  intrusions. 
As  far  as  could  be  determined  in  the  field,  there  was  no  criteria 
by  which  these  two  pegmatites  could  be  positively  distinguished 
from  one  another.  In  general,  however,  those  pegmatites  which 
have  been  much  deformed  belong  to  the  older  class,  while  the 
more  massive  boss-like  masses  probably  for  the  most  part  repre- 
sent  the   younger   variety. 

Late  Pre- Cambrian   Intrusives 

The  younger  pegmatite  intrusion,  described  in  the  previous 
paragraph,  constitutes  the  youngest  member  of  the  basal  com- 
plex, as  it  occurs  in  this  portion  of  the  Canadian  Pre-Cambrian 
shield.  There  are  some  intrusions  of  lamprophyre  and  diabase 
in  the  region,  however,  which  have  been  classed  as  late  Pre- 
Cambrian.  These  rocks  are  lithologically  different  from  all  the 
rocks  of  the  basal  complex,  and,  unlike  the  rocks  of  the  complex, 
have  not  been  greatly  deformed  or  otherwise  metamorphosed. 
On  the  other  hand,  no  rocks  of  similar  composition  have  any- 
where been  observed  to  intrude  the  Palaeozoic  sediments  which 
overlap  the  Pre-Cambrian  at  the  south  end  of  the  Buckingham 
map-area.  They  are,  therefore,  presumably  not  only  younger 
than  the  basal  complex,  but  also  older  than  the  Palaeozoic,  and 
late    Pre-Cambrian    in    age. 

Lamprophyre: — The  rocks  of  this  class  were  observed  to 
intrude  the  basal  complex  in  the  southern  part  of  the  township 
of  Buckingham.  They  occur  throughout  this  region  in  numerous 
small,  irregular  dykes,  but  the  principal  occurrence  is  an  elliptical- 
shaped  mass  about  ^  of  a  mile  in  width  and  2  miles  long,  situated 
in  the  IV  and  V  ranges  of  Buckingham  township,  a  short  dis- 
tance east  of  the  town  of  Buckingham. 

The  lamprophyre,  both  in  the  dykes  and  in  the  larger  mass, 
is  a  fine-grained  aphanitic  to  medium-grained  rock,  with  a  well 
developed  triangular  jointage.  When  examined  under  the  mi- 
croscope, the  finer  grained  aphanitic  portions  of"  the  rocks  are  seen 
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to  consist  of  small  phenocrysts  of  plagioclase  embedded  in  a  cry- 
pto-crystalline  ground  mass.  In  the  coarse  grained  phases, 
however,  it  consists  of  crystals  of  albite  enclosed  in  a  matrix  of 
biotite,  quartz,  blue  amphibole  (largely  altered  to  pale  green  horn- 
blende) and  scattered  grains  of  apatite,  ilmenite  and  pyrite.  The 
rock  thus  has  the  composition  of  a  kersantite. 

Diabase: — In  the  Buckingham  area  the  basal  complex  is 
intruded  by  a  remarkable  system  of  approximately  east- west 
trending  diabase  dykes.     These  occur  at  intervals  of  from  1  to  3 
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Crumpled  interstratified  quartzite  and  crystalline  limestone,  lot  12,  range  8, 
Templeton  township. 


miles  in  a  north-south  direction  throughout  the  whole  district, 
and  in  some  cases  have  been  traced  continuously  across  the  whole 
width  of  the  map-area,  a  distance  of  25  miles.  This  distance 
does  not  represent  the  maximum  length  of  the  dykes,  however, 
since  some  are  reported  to  continue  beyond  the  map-area  for 
many  miles.  They  range  in  width  from  a  few  feet  up  to  300  feet, 
and  consist  of  typical  fine  to  medium  grained  diabase  which, 
when  examined  under  the  microscope,  is  seen  to  be  composed  of 
labradorite,   augite  and   scattered   grains  of  ilmenite.     One  of 
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Lievre  River  flat,  as  viewed  from* Emerald  mine,  lot  19,  range  12. 

these  dykes  was  found  to  cut  across  the  Buckingham  kersantite 
mass  near  its  northern  margin,  thus  showing  that  the  diabase  is 
the  younger  of  the  two  late  Pre- Cambrian  rock  types. 

Palaeozoic. 


The  southern  part  of  the  Buckingham  map-area  is  largely 
underlain  by  Palaeozoic  sediments,  which  rest  on  the  irregular 
but  base  levelled  surface  of  the  Pre-Cambrian,  and  has  a  regional 
dip  towards  the  south,  so  that  the  various  formations  outcrop  in 
successive  east-west  trending  belts.  On  the  north  side  of  the 
Ottawa  river  these  sediments  consist  merely  of  scattered  outliers 
of  Potsdam  or  Upper  Cambrian  sandstone  and  Beekmantown 
limestone,  but  in  the  triangular  area  of  territory,  in  the  vicinity 
of  Cumberland,  Ontario,  on  the  south  side  of  the  Ottawa,  which 
is  included  in  the  Buckingham  map-area,  the  Chazy,  Black  River 
and  Trenton  formations  are  also  represented.  These  outcrop 
in  successive  east-west  trending  cuesta  escarpments  continuous 
for   many   miles. 
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Pleistocene. 

Glacial: — In  common  with  the  whole  territory  covered  by 
the  Labradorean  continental  glaciers,  the  bedrock  surface  of 
this  district  is  partially  hidden  from  view  by  glacial  debris. 
The  amount  of  glacial  material  present  has  probably  been  greatly 
reduced,  however,  by  wave-action  during  the  Champlain  marine 
submergence.  It  consists  chiefly  of  scattered  boulders  and  a  few 
local  areas  of  boulder  clay  and  gravel. 

Champlain  clay  and  sand: — Throughout  the  lower  portion 
of  the  Buckingham  area,  the  glacial  and  older  deposits  are  over- 
lain by  stratified  marine  clay  and  sand,  up  to  elevations  of  600 
feet  above  sea  level.  The  greatest  vertical  thickness  of  these 
deposits  observed  was  110  feet.  They  vary  greatly  from 
point  to  point,  but  in  general  the  clay  beds  predominate 
at  the  bottom  and  the  sand  at  the  top.  The  clay  occurs 
generally  in  thin  uniform  beds,  whereas  the  sand  commonly 
contains  scattered  pebbles  and  is  cross-bedded  and  ripple-marked. 
The  flat,  plain-like  surface  of  areas  underlain  by  these  deposits 
is  strikingly  in  contrast  with  the  rocky,  irregular  topography  of 
the  Laurentian  uplands  adjoining  then. 

Mineral  Deposits  of  Area. 

The  district  included  in  the  Buckingham  map-area  has  long 
been  noted  for  the  great  variety  of  its  mineral  deposits,  and 
while  these  belong  almost  entirely  to  the  non-metallic  types, 
they  are  nevertheless  important.  The  commercially  valuable 
minerals  found  in  the  district,  named,  approximately  in  the 
order  of  their  importance,  include  the  following:  phlogopite, 
apatite,  graphite,  feldspar,  diopside,  muscovite,  barite,  quartz, 
magnetite  and  hematite.  A  brief  discussion  of  the  character 
and  origin  of  the  most  importance  of  these  is  included  in  the  fol- 
lowing paragraphs. 

Phlogopite-A  patite. 

The  phlogopite  and  apatite  found  in  the  Buckingham  dis- 
trict are  evidently  genetically  related  to  the  contact  pyroxenite 
since  they  occur  either  in  the  pyroxenite  or  in  the  rocks  of  the 
Grenville  and  Buckingham  series   near  their  junction   with  the 
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pyroxenite.  The  consideration  of  the  mode  of  occurrence  and 
origin  of  these  minerals,  therefore,  involves  a  discussion  of  the 
character  and  origin  of  the  contact  pyroxenite. 

Character  of  Deposits. — The  dominant  material  composing 
the  contact  pyroxenite,  that  is,  the  material  which  might  be  re- 
garded as  country  rock  with  respect  to  the  mica  and  apatite,  is 
somewhat  variable  in  different  occurrences,  three  principal  types 
being  present.  Of  these,  by  far,  the  most  common  is  the  variety 
which  might  be  called  the  boulder  type.  (Figure  2).  This  consists 
of  the  usual  granular  or  massive  light  green  pyroxene,  but  con- 
tains scattered  irregular  masses,  'boulders'  in  the  terminology 
of  the  miners,  of  blue  or  lilac-coloured  microcline  pegmatite.  Very 
commonly  these  'boulders'  consist  entirely  of  microcline,  and 
would  therefore  be  described  petrologically  as  syenite  pegmatite. 
In  some  occurrences,  however,  quartz  is  present,  and  the  rock 
passes  into  granite  pegmatite.  The  second  type  of  contact  py- 
roxenite in  most  of  its  occurrences,  differs  but  little  in  mineral- 
ogical  composition  from  the  boulder  type  of  deposit,  but  the 
microcline,  which  in  the  first  type  occurs  in  aggregates,  in  the 
second,  occurs  uniformly  distributed  and  intimately  intergrown 
with  the  pyroxene.  In  a  few  localities  where  this  type  of  deposit 
is  present  the  feldspar  replaces  the  pyroxene  almost  entirely  in 
parts  of  the  deposit,  so  that  all  intermediate  stages  between 
pegmatite  and  pyroxenite  are  represented.  The  common  type 
present,  however,  is  either  a  pyroxenic  pegmatite  or  a  feldspathic 
pyroxenite.  This  type  of  deposit  as  distinguished  from  the  other 
phases  of  the  contact  pyroxenite  can  be  designated  the  dissemi- 
nated feldspar  type.  The  third  variety  of  contact  deposit  dif- 
fers from  the  other  varieties  in  containing  scapolite  as  an  es- 
sential constituent.  While  this  mineral  is  present  in  small 
quantities  in  nearly  all  the  occurrences  of  the  contact  pyroxenite, 
in  only  a  few  localities  does  it  become  an  important  constituent. 
In  such  occurrences  it  is  uniformly  distributed  through  the  py- 
roxenite in  a  manner  very  similar  to  that  in  which  the  feldspar 
occurs  in  the  feldspathic  variety,  and  it  may  even  be  possible, 
in  some  cases  at  least,  that  the  scapolite  has  been  actually  formed, 
secondarily  from  feldspar,  for  in  the  pyroxenic  rocks  composing 
the  Buckingham  series,  the  feldspar  is  very  commonly  partially 
or  entirely  scapolitized.     Within   the  various   types  of  country 
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Fig.  2. — Face  of  pit  in  boulder  type  of  contact  pyroxenite,  Little  Rapid 
mine,  lot  6,  range  1,  Portland  East  township. 

rock  just  described  the  phlogopite  and  apatite  are  found,  for  the 
most  part,  as  scattered  crystals  or  in  irregular  aggregates  or  in 
veins,  the  size,  form  and  composition  of  the  deposit  varying  greatly 
in  different  localities.  As  a  rule,  the  deposits  are  small,  irregular 
and  discontinuous,  and,  for  this  reason,  are  exceedingly  difficult 
to  work,  but,  in  a  few  exceptional  localities,  a  remarkably  per- 
sistent system  of  veins  or  an  enormous  single  deposit  of  the 
aggregate  type  is  present.  The  composition  of  the  deposits  is 
likewise  exceedingly  variable.  They  consist  chiefly  of  phlogo- 
pite, apatite,  pyroxene  and  calcite,  but  the  relative  abundance 
of  these  minerals  varies  greatly,  so  that  a  deposit  worked  for  mica 
may  contain  little  or  no  apatite,  while  in  a  deposit  in  another  lo- 
cality the  apatite  may  be  the  dominant  mineral  and  the  mica 
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unimportant.  Where  calcite  is  abundant,  there  is  very  common- 
ly a  concentration  of  crystals  of  mica,  apatite  and  pyroxene  along 
the  margin  of  the  deposit,  the  crystals  projecting  outward  into 
the  calcite. 

In  addition  to  thecommercially  valuableminerals  apatite  and 
phlogopite,  a  great  variety  of  lime  silicate,  pegmatitic  and  other 
mineral  types  are  commonly  present  in  the  pyroxenite,  the  most 
abundant  of  these  being  the  following:  scapolite,  tremolite,  ac- 
tinolite,  chabazite,  stilibite,  analcite,  prehnite,  datolite,  vesu- 
vianite,  titanite,  albite,  fiuorite,  tourmaline,  rutile,  zircon,  quartz, 
serpentine,  and  pyrrhotite.  These  may  occur  either  as  vein 
material,  or  embeded  in  apatite,  pyroxene,  feldspar,  or  calcite, 
or  as  crystals  on  the  walls  of  geodal  cavities. 

Origin  of  contact  pyroxenite. — As  regards  the  origin  of  the  con- 
tact pyroxenite,  it  is  believed  that  there  is  an  abundance  of 
evidence  in  support  of  the  hypothesis  that  these  peculiar  mineral 
assemblages  are  of  secondary  origin  and  have  been  formed  from 
the  limestones  of  the  Grenville  series  by  the  action  of  pegma- 
titic and  other  solutions  emanating  from  the  intrusives  of  the 
Buckingham  series.  Among  the  geological  data  upon  which 
this  conclusion  is  based  are  the  following: 

(1)  The  pyroxenite  masses  resemble  the  masses  of  crystalline 
limestone  in  form  and  distribution,  and  in  the  inclusions  of  peg- 
matite   which    they    contain. 

(2)  The  pyroxenite  and  limestone  very  commonly  pass 
gradationally  into  one  another  and  all  stages  in  the  transforma- 
tion of  limestone  into  pyroxenite  can  be  observed.  In  some  lo- 
calities the  pyroxenite  occurs  as  spherical  or  elliptical  masses 
in  the  limestone  as  though  the  transformation  had  progressed 
radically  from  a  central  point,  while  in  others  the  deposit  occurs 
on  the  periphery  of  a  limestone  mass  and  in  some  cases  on  the  ac- 
tual contact  of  pegmatite  and  limestone.  It  is  noteworthy  that 
both  the  pyroxene  and  mica  are  generally  lighter  in  colour  where 
the  transformation  of  limestone  into  pyroxenite  is  incomplete, 
a  difference  probably  related  to  the  higher  lime  and  lower  iron 
content  of  these  minerals  at  such  points. 

(3)  Dolomitic  zones  adjoining  lines  of  fracture  are  present 
in  the  limestone  in  places  where  the  latter  has  been  transformed 
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into  pyroxenite  and  serpentine  indicating  that  magnesian  bearing 
solutions  have  penetrated  the  limestone  at  the  these  points. 

(4)  Analyses  of  the  typical  pyroxene  of  the  contact  py- 
roxenite has  shown  that  this  mineral  contains  24  per  cent  of 
lime.  Harrington,  B.J.,  Rep.  of  Progress,  Geol.  Surv.  Can., 
Part  G,   page  21,    1877-78. 

This  percentage  is  far  in  excess  of  the  lime  content  of  nor- 
mal igneous  rocks  and  lends  strong  support  to  the  hypothesis 
that  these  deposits  are  of  metamorphic  origin.     On  the  other 


High  Falls  on  the  Lievre  river^ — Head  of  water  150  feet. 

hand  the  abundance  of  feldspar  and  minerals  containing  such 
elements  as  fluorine,  chlorine,  boron,  titanium,  sodium,  potassium 
and  lithium  in  the  deposit  indicate  that  the  metamorphism  has 
been  brought  about  mainly  by  the  action  of  pegmatite  solutions. 
The  hypothesis  that  the  mica  apatite  bearing  pyroxenite 
of  the  Buckingham  map-area  have  been  formed  by  pegmatitic 
metamorphism  of  the  crystalline  limestone  member  of  the  Gren- 
ville  series  is  not  only  supported  by  an  abundance  of  direct  evi- 
dence, such  as  that  cited  in  the  previous  paragraph,  but  no  other 
hypothesis  which  has  ever  been  suggested  to  explain  the  origin 
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of  these  deposits  will  so  well  account  for  so  many  of  their  pecu- 
liarities. Obviously  solutions  emanating  from  an  intrusive 
throughout  a  wide  area  would  vary  considerably  at  different 
points  and  thus  a  great  variability  in  the  types  of  minerals  formed 
might  result.  If,  in  a  given  locality,  a  solution  contained  rela- 
tively an  abundance  of  alumina,  potash,  magnesia,  and  fluorine, 
phlogopite  might  be  formed,  while  at  another  point  where  pot- 
ash and  magnesia  were  deficient  and  phosphoric  acid  abundant, 
apatite  would  be  developed.  Likewise,  an  abundance  of  potash 
and  alumina,  must  have  been  present  where  orthoclase 
developed  and  soda  and  alumina  where  scapolite  was  formed. 

According  to  the  metamorphic  hypothesis,  the  phosphorus 
contained  in  the  apatite  of  the  contact  pyroxenite  might  either 
be  of  sedimentary  origin,  as  suggested  by  many  of  the  early  geol- 
ogists who  studied  these  deposits,  or  might  have  been  derived 
from  the  intrusives  of  the  Buckingham  series.  If,  however, 
this  element  was  originally  present  as  a  part  of  the  Grenville 
limestone,  there  is  no  apparent  reason  why  phosphorus-bearing 
minerals  should  not  occur  in  the  limestone  at  points  remote  from 
the  pyroxenite  and  its  associated  contact  minerals,  yet  such 
relationships  were  not  observed.  On  the  whole,  therefore,  such 
evidence  as  is  available  seems  to  indicate  that  the  phosphorus 
came  from  an  igneous  rather  than  a  sedimentary  source.  It  is 
also  probable  that  the  magnesia  content  of  the  pyroxenite  was 
largely  derived  from  the  Buckingham  series,  for  analyses  of  speci- 
mens of  limestone  from  points  where  the  limestone  has  been  sub- 
jected to  contact  action  show  the  content  of  magnesia  in  the 
limestone  to  be  low,  whereas  the  magnesia  contained  in  the 
rocks  of  the  Buckingham  series  ranges  from  6  per  cent  in  the 
more  acidic  varieties  to  31  per  cent  in  the  basic. 

Graphite. 

General  Statement. — The  graphite  deposits  of  the  Bucking- 
ham district  are  among  the  oldest  known  mineral  deposits  in 
Canada  and  have  been  mined  at  intervals,  in  different  localities, 
for  over  50  years.  These  deposits  are  found  for  the  most  part 
in  the  central  and  southern  part  of  the  township  of  Buckingham 
in  a  region  underlain  chiefly  by  crystalline  limestone,  and  the 
pyroxenic  rocks  of  the  Buckingham  series. 
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Character  of  Deposits. — The  graphite  found  in  the  Buck- 
ingham map-area  has  two  somewhat  different  modes  of  occur- 
rence, one  of  which  might  be  described  as  the  aggregated,  and 
the  other  as  the  disseminated  type  of  deposit. 

The  aggregated  deposits  have  been  so  named  in  contrast 
to  the  disseminated  occurrences,  because  they  are  composed 
of  almost  pure, coarse  columnar  or  platy  graphite  which  occurs  in 
aggregates  in  pegmatite,  or  in  veins,  intersecting  the  crystalline 
limestone,  pegmatite  or  the  disseminated  types  of  deposit.  These 
veins  are  generally  not  over  a  few  inches  in  width,  are  very  ir- 
regular or  branching,  and  while  affording  good  specimens  of 
graphite  have  nowhere  been  found  to  be  of  sufficient  extent  in 
themselves  to  be  of  economic  importance. 

Nearly  all  the  rocks  of  the  Grenville  series,  and  in  some 
localities  the  gneisses  of  the  Buckingham  series,  contain  more 
or  less  disseminated  graphite,  but  in  addition  to  this  sparsely 
disseminated  occurrence  of  the  mineral,  masses  or  zones  of  rock 
containing  from  15  to  20  per  cent  of  disseminated  graphite  are 
common  throughout  the  region,  and  it  is  these  deposits  that  have 
been  the  basis  of  the  attempts  to  establish  a  graphite  mining 
industry  in  the  Buckingham  district  in  past  years.  For  the  most 
part,  these  disseminated  deposits  are  exceedingly  irregular  and 
discontinuous,  although  in  some  localities  zones  having  a  maxi- 
mum width  of  10  feet  or  more  may  persist  with  more  or  less 
continuity  for  several  hundred  feet.  In  all  the  deposits  studied 
by  the  writer  the  graphite  ore  was  observed  to  occur,  either  at 
or  near  the  contact  of  the  Grenville  limestone  with  the  rocks  of 
the  Buckingham  series,  or  in  masses  or  bands  of  limestone  included 
in  the  rocks  of  the  Buckingham  series.  It  appeared  to  be  es- 
pecially enriched  at  points  where  it  had  been  subjected  to  intense 
pressure  adjoining  masses  of  pegmatite,  the  foliation  in  the 
graphite  bending  around  the  pegmatite  mass.  (Figure  3). 

On  making  an  examination  of  thin  sections  of  the  disseminat- 
ed graphite  ore  under  the  microscope,  it  is  seen  that  the  rock 
in  which  the  graphite  occurs  is  in  reality  partially  or  completely 
silicated  limestone,  consisting  of  calcite  containing  scattered 
grains  of  orthoclase,  titanite,  pyroxene  and  pyrite,  in  the  partially 
silicated  variety,  and  of  pyroxene,  titanite  and  pyrite,  or  of 
pyroxene,  titanite,  pyrite  and  scapolite  in  the  completely  silicated 
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Fig.  3. — Face  of  graphite  prospect  pit,  Diamond  graphite  mine,  lot  14, 
range  10,  Buckingham  township. 

type.  The  graphite  and  pyrite  usually  occur  associated  with  one 
another,  and  commonly  extend  along  the  contacts  of  the  mineral 
grains  or  along  the  cleavage  planes  of  the  pyroxene.  In  transmitted 
light  the  pyrite  and  graphite  both  appear  black  in  the  thin 
section  and  cannot  be  distinguished  from  one  another,  but  in 
reflected  light  the  different  colours  of  the  two  minerals  can  be 
easily  recognized,  and  it  is  observed  that  the  graphite  penetrates 
the  pyrite  in  the  manner  shown  in  Figure  4. 

Origin    of   the    Graphite. — Within    the    limitations    of    the 
present  paper  it  is  impossible  to  fully  discuss  the  evidence  bearing 
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Fig.  4. — Camera  lucida  drawing  showing  the  relationship  of  the  graphite 
to  pyrite  in  disseminated  graphite  ore.     Magnification  40  diameters. 

on  the  mode  of  origin  of  the  graphite  deposits,  but  the  most  saH- 
-ent  points  bearing  on  the  problem  may  be  mentioned.  In  previous 
pubHcations  in  which  the  origin  of  these  deposits  are  discussed, 
the  deposits  have  been  regarded  as  necessarily  either  igneous  or 
sedimentary  in  origin,  but  a  third  possibility,  which  might  be 
designated  the  reaction  hypothesis,  is  worthy  of  consideration. 
Igneous  origin:  Since  the  disseminated  graphite  deposits  are 
generally  found  on  the  contact  of  either  the  pegmatite  or  other 
members  of  the  Buckingham  series  with  the  Grenville  limestone, 
the  graphite,  if  of  igneous  origin,  has  presumably  been  derived 
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from  these  intrusives  and,  along  with  the  associated  pyrite,  has 
impregnated  the  limestone  along  its  contact.  The  principal 
objection  to  this  hypothesis  lies  in  the  constant  association  of  the 
deposits  with  limestone,  for  there  is  no  apparent  reason  why  the 
graphite  deposits  should  not  occur  in  the  rocks  of  the  Bucking- 
ham series  in  other  places,  or  at  least  along  their  contact  with 
other  members  of  the  Grenville  series,  as  well  as  the  limestone 
member. 

Sedimentary  origin. — The  sedimentary  mode  of  origin, 
assumes  that  the  sediments  of  the  Grenville  series,  and  notably 
the  limestone  member,  were  originally  carbonaceous  and  that  this 
material  has  been  recrystallized  into  graphite.  But  in  order 
to  account  for  the  concentration  of  this  graphite  at  the  points 
where  silicated  limestone  occurs,  it  would  presumably  have  to  be 
assumed  that  the  enrichment  at  these  points  had  taken  place 
as  a  result  of  the  reduction  in  volume  accompanying  the  process 
of  silication.  While  no  chemical  determinations  of  the  percent- 
age of  graphite  present  in  the  Grenville  limestone  at  points  remote 
from  the  intrusives  of  the  Buckingham  series  have  been  made, 
it  is  probable  that  the  average  content  at  such  points  does  not 
exceed  1  per  cent,  and  since  the  ore  bodies  contain  15  to  20 
per  cent  of  graphite,  the  reduction  in  volume  required  would  be 
enormous. 

Reaction  Hypothesis. — The  third  possibility,  the  reaction 
hypothesis,  is  that  originally  suggested  by  H.  P.  H.  Brumell^ 
namely,  that  the  graphite  has  been  produced  from  the  carbon 
dioxide  of  the  Grenville  limestone  as  a  result  of  the  contact  ac- 
tion of  the  intrusives  of  the  Buckingham  series,  a  mode  of  origin 
somewhat  analogous  to  that  discussed  by  A.  N.  WinchelF  in 
a  paper  published  in  Economic  Geology  in  1911. 

An  objection  which  might  be  raised  to  this  suggestion,  and 
which  applies  equally  as  well  to  the  igneous  hypothesis,  is  that 
It  does  not  account  for  the  occurrence  of  graphite  in  the  lime- 
stone and  other  rocks  of  the  Grenville  series,  at  points  remote 
from  the  intrusive  igneous  rocks.  The  presence  of  the  graphite 
at  these  points,  at  least,  could  best  be  explained  by  the  sedimen- 
tary hypothesis,   and   it  would  be  an  improbable  coincidence 
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that  graphite  originating  in  entirely  different  ways  should  occur 
in  the  same  region. 

As  regards  the  origin  of  the  aggregated  deposits  of  graphite, 
there  can  be  little  doubt  that  these  are  genetically  related  to  the 
disseminated  deposits  and  differ  from  them  merely  in  the 
manner  in  which  the  graphite  has  been  deposited. 

The  Graphite  Industry. 

It  is  over  50  years  since  the  first  mill  for  the  treatment  of  dis- 
seminated graphite  ore  was  erected  in  the  township  of  Lochaber 
by  the  Lochaber  Plumbago  Company,  and  since  that  time  numer- 
ous mills  have  been  erected  and  hundreds  of  thousands  of  dollars 
expended  in  attempts  to  establish  a  graphite  mining  industry 
in  this  district,  yet,  unless  the  most  recent  attempt  of  the  Quebec 
Graphite  Mining  Company  proves  an  exception  to  the  rule, the 
history  of  all  these  attempts  has  been  a  series  of  partial  or  com- 
plete failures.  The  reasons  generally  stated  to  be  the  cause  of 
these  continued  failures  are  (1)  mismanagement,  or  (2)  the  poor 
quality  of  the  graphite  produced,  or  (3)  the  incomplete  recovery 
of  the  graphite  by  the  milling  process  employed.  No  doubt  one 
or  all  of  these  causes,  especially  in  the  case  of  some  of  the  earlier 
attempts  at  mining  the  mineral,  were  contributory  factors  in 
the  failure  of  the  industry,  but  the  fundamental  cause  of  failure 
in  most  cases  in  reality  has  been  the  character  of  the  ore  deposits. 

That  the  quality  of  the  graphite  produced  has  not  been 
wholly  the  cause  of  failure,  in  recent  years  at  least,  is  indicated 
by  the  anaylses  of  samples  of  the  number  1  product  produced  at 
several  of  the  mines  operated  during  the  last  10  years.  Of  several 
such  samples  from  different  properties  analysed,^  the  lowest 
graphite  content  obtained  was  88.3  per  cent  while  the  highest 
was  95.2  percent.  If  auniform  product  containing  as  much  as  95 
per  cent  of  graphite  can  be  produced,  there  should  be  little  dif- 
ficulty in  procuring  both  the  highest  price  and  a  ready  market  for 
the  output  of  the  district. 

I  have  been  unable  to  obtain  definite  data  with  regard  to 
the  proportion  of  the  graphite  contained  in  the  ore  actually  re- 
covered in  most  of  the  mills  operated  in  the  district,  but  it  is  prob- 


^By  Mr.  E.  Stanfield  of  the  Mines  Branch  of  the  Dept.  of  Mines. 
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able  that  the  proportion  obtained  in  most  mills  has  not  ex- 
ceeded 60  per  cent.  It  is  thus  possible  that  with  the  employ- 
ment of  different  processes  of  separation,  this  percentage  might 
have  been  in<:reased,  but,  even  if  the  most  suitable  machinery 
yet  devised  for  the  separation  of  such  material  had  been  em- 
ployed, it  is  doubtful  whether  a  separation  of  more  than  80  per 
cent  could  have  been  effected.  It  is  obvious,  therefore,  that  in 
case  operations  on  a  given  property  had  been  almost  successful, 
an  increase  in  the  percentage  of  graphite  recovered  from  60  to 
80  per  cent  might  transform  an  unsuccessful  undertaking  into 
a  commercial  success,  but  only  in  such  a  case  can  the  failure  of 
the  graphite  mining  industry  in  the  Buckingham  district  be 
attributed    to   the   milling   processes   employed. 

It  was  stated  at  the  outset  that  the  fundamental  cause  of 
the  failure  of  the  graphite  industry  in  the  Buckingham  district 
was  neither  mismanagement,  nor  the  quality  of  the  graphite  pro- 
duced, nor  the  milling  process  employed,  but  the  character  of 
the  ore  deposit.  In  describing  the  character  of  the  disseminated 
graphite  deposits  it  was  points  out  that  these  occurred,  as  a 
rule,  at  or  near  the  contact  of  the  Grenville  limestone  with  the 
intrusives  of  the  Buckingham  series,  but  all  the  ancient  rocks  of 
the  Pre-Cambrian  basal  complex  have  been  so  greatly  crumpled 
and  broken  that  the  limestone  commonly  occurs  as  detached 
masses  scattered  through  the  Buckingham  intrusives  and  like- 
wise fragments  of  the  Buckingham  intrusives  are  common 
throughout  the  limestone,  and  as  a  consequence  of  these  relation- 
ships, the  graphite  deposits  are  commonly  irregular  and  dis- 
continuous, so  that  while  on  a  single  property  large  amounts  of 
graphite  ore  may  be  present,  it  occurs  in  such  scattered  irregular 
masses  that  the  cost  of  mining  is  prohibitive;  and  the  principal 
cause  of  the  failure  of  the  graphite  industry  in  the  Buckingham 
district  has  been  the  neglect  to  appreciate  these  conditions. 
In  nearly  every  case,  it  has  been  assumed  that  an  unlimited 
amount  of  easily  mined,  high-grade  ore  was  available  and  mills 
were  erected  without  attempting  to  develop  an  ore  body.  In 
reality,  it  is  just  as  essential  to  determine  the  quantity  and  qual- 
ity of  the  ore  available  before  erecting  concentrating  plants  in 
the  treatment  of  these  disseminated  graphite  deposits,  as  in  the 
exploitation  of  other  commercially  valuable  minerals. 
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Feldspar. 

Throughout  the  whole  of  the  Pre-Cambrian  portion  of  the 
Buckingham  map-area,  there  is  scarcely  a  square  mile  of  terri- 
tory in  which  a  mass  of  pegmatite  of  considerable  size  is  not  pres- 
ent so  that  the  possibilities  of  this  district  as  a  source  of  feldspar 
are  almost  unlimited.  The  orthoclase  contained  in  some  of 
these  pegmatite  masses,  moreover,  is  almost  theoretically  pure, 
that  occurring  at  the  Villeneuve  mine  for  example,  containing 
16.88  per  cent  of  potash.  Up  to  the  present  time  feldspar  has 
been  mined  at  10  different  points  here  and  there  in  the  Buck- 
ingham district,  but  the  region  has  not  been  systemtically  pros- 
pected for  feldspar,  and  it  is  probable  that  many  of  the  pegma- 
tite masses  remaining  would  yield  a  better  product  at  a  lower 
cost  of  operation,  than  many  of  those  where  mining  has  been 
attempted. 

Future  Possibilities  of  the  Buckingham  District. 

The  rapid  industrial  development  of  recent  years  has  been 
accompanied  by  a  demand  for  so  many  minerals  which  were 
formerly  regarded  as  valueless  that  the  future  possibilities  of  the 
mining  industry  in  the  Buckingham  district  cannot  be  foretold. 
There  are  undoubtedly  enormous  reserves  of  mica  and  apatite 
present  in  the  contact  pyroxenite  which  occurs  so  extensively 
in  the  district,  and  while,  owing  to  the  low  price  obtained  for  phos- 
phate, at  the  present  time,  apatite  mining  has  almost  entirely 
ceased  except  where  the  mineral  occurs  associated  with  mica, 
should  the  deposits  found  elsewhere  in  the  world  become  ex- 
hausted, or  should  a  demand  be  created  for  the  pyroxene  and 
feldspar  associated  with  the  apatite,  this  industry  might  again 
become  as  important  as  40  years  ago.  The  amber  mica  con- 
tained in  the  contact  pyroxenite  has  been  mined  extensively  in 
the  region  for  a  number  of  years  and  can  furnish  a  continued  sup- 
ply of  this  mineral  for  many  years  to  come.  The  light  green 
pyroxene, — diopside — which  usually  forms  the  dominant  constit- 
utant  of  the  contact  pyroxenite,  is  now  being  used  in  the  manu- 
facture of  pottery  and  should  a  demand  for  diopside  arise,  the 
Buckingham  district  could  afford  an  unlimited  supply  of  the  min- 
eral at  a  very  low  price.     The  constituent  of  the  contact  py- 
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roxenite  next  in  abundance  to  the  diopside,  mica,  and  apatite, 
is  microcline  containing  11  to  12  per  cent  of  potash,  so  that,  if 
in  the  future  a  process  should  be  discovered  by  which  potash 
could  be  extracted  from  feldspar  cheaply,  a  market  for  this 
constituent  of  the  contact  pyroxenite  would  also  be  found  and 
practically  the  whole  of  these  great  pyroxenite  masses  might  be- 
come commercially  valuable.  In  addition  to  the  potash  feldspar 
contained  in  the  pyroxenite,  there  are,  as  was  previously  pointed 
out,  large  quantities  of  feldspar  present  in  the  pegmatites  of  the 
region,  affording  a  large  supply  of  this  mineral  so  essential  to 
many  ceramic  industries.  At  a  number  of  points  in  the  Buck- 
ingham map-area  dolomite  zones  associated  with  serpentine 
were  observed  in  the  crystalline  limestone  member  of  the  Gren- 
ville  series,  the  relationships  of  the  dolomite  being  very  similar 
to  that  of  the  magneisian  dolomite  now  being  mined  extensively 
in  the  region  north  of  Grenville,  about  75  miles  to  the  east  of 
the  Buckingham  map-area.  A  specimen  of  this  dolomite  col- 
lected by  the  writer  was  analyzed  by  Mr.  Leverin  and  found  to 
contain  20.82  per  cent  of  magnesia.  While  this  percentage  is 
much  lower  than  that  contained  in  the  magnesian  dolomite,  the 
presence  of  such  a  rock  suggests  that,  by  prospecting  the  area,  a 
dolomite  similar  to  the  Grenville  variety  might  be  found. 

In  view  of  all  the  preceding  possibilities,  the  ever  increas- 
ing uses  to  which  the  minerals  of  the  non-metallic  class  are  being 
applied,  and  the  cheap  electrical  power  for  industrial  purposes 
which  the  numerous  water  falls  of  the  district  afford,  it  would 
at  least  seem  probable  that  sooner  or  later  the  Buckingham  dis- 
trict will  become  even  a  more  important  mining  area  than  at 
present. 


THE  PETROLIA   OILFIELD,  ONTARIO. 

A  Historical   Review. 

By  John  Stansfield,  Montreal. 

Annual  Meeting,  Ottawa,  1916 

During  the  summer  of  1915  the  writer  had  the  good  fortune 
to  make  the  acquaintance  of  Mr.  John  D.  Noble,  who  is  now  the 
oldest  operator  in  Petrolia,  and  in  consequence  peculiarly  well  in- 
formed concerning  the  early  days  of  the  Enniskillen  oilfields. 
It  would  be  a  loss  to  the  community  as  a  whole,  and  especially 
to  the  mining  profession  if  this  record  were  not  preserved  in  some 
form.  With  Mr.  Noble's  consent  much  that  has  been  communi- 
cated by  him  to  the  writer,  has  been  incorporated  in  this  paper. 
Free  use  has  been  made,  also,  of  an  article  which  appeared  in  the 
London  Advertiser  on  August  14,  1915,  and  of  the  publications  of 
the  Geological  Survey  of  Canada  and  of  the  Bureau  of  Mines  of 
Ontario. 

The  oil-fields  of  Oil  Springs  and  Petrolia  He  in  the  South- 
western peninsula  of  Ontario,  in  the  Townships  of  Enniskillen- 
Moore,  Sarnia  and  Plympton,  Lambton  County.  The  district 
forms  part  of  an  almost  flat  plain  extending  between  Lakes  Erie 
and  Huron,  in  which  the  bedrock  is  covered  by  a  glacial  till— the 
Erie  clay —  to  a  depth  varying  from  zero  at  Kettle  Point,  on  Lake 
Huron,  to  more  than  250  feet  at  points  along  the  north  shore  of 
Lake  Erie.  The  district  is  drained  by  the  north  branch  of  the  Syd- 
enham river  and  its  tributaries  which  finally  empty  into  Lake  St. 
Clair  and  the  St.  Clair  river.  Oil  creek  and  Black  creek  flow 
through  the  Oil  Springs  field,  and  Bear  creek  through  the  Petro- 
lia field.  Bear  creek,  where  it  passes  through  the  town  of  Petro- 
lia has  cut  a  shallow  valley  in  the  Erie  clay,  about  fifty  feet  deep 
and  about  a  quarter  to  half  a  mile  wide.  The  flat  bottom  of  this 
valley  is  known  as  'the  flats'.  The  drainage  system  is  thus  a 
post-glacial  one. 

About  the  year  1860  the  district  was  a  vast  swamp  covered 
by  a  dense  forest  of  oak,  walnut,  elm  and  black  ash.     In  due 
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course  this  wilderness  was  converted  into  a  well-drained,  rich 
farming  country,  traversed  by  good  roads,  and  became  the  centre 
of  a  flourishing  industry,  which  has  continued  to  the  present 
day. 

The  Oil  Springs  field  in  the  south  part  of  the  Township  of 
Enniskillen,  was  the  first  to  be  discovered.  The  Petrolia  field 
to  the  north  was  discovered  later.  Attention  was  first  drawn  to 
the  district  as  a  possible  source  of  petroleum  in  1860  or  1861  by 
a  Mr.  Tripp,  who  owned  a  farm  where  the  village  of  Oil  Springs 


The  "Reliable"  Oil  Well,  Petrolia,  Ont.,  in  1872. 


now  stands.  This  gentleman,  on  excavating  a  well  on  his  pro- 
perty for  water,  was  struck  by  the  appearance  of  an  inspissated 
petroleum — known  locally  as  'gum  beds' — and  also  by  the  fact 
that  black  'rock  oil'  accumulated  in  considerable  quantity  on 
the  surface  of  the  water.  The  attention  of  Mr.  J.  H.  Williams  of 
Hamilton,  who  afterwards  built  a  refinery  at  Hamilton,  Ont., 
was  then  drawn  to  the  locality  and  work  in  search  of  the  oil  then 
began  in  earnest.  It  was  found  that  as  wells  were  sunk  deeper 
and  deeper  into  the  Erie  clay,  which  constitutes  the  principal 
surface  deposit  of  the  district,  the  greater  was  the  accumulation 
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of  the  oil.  Drilling  was  then  resorted  to,  and  wells  were  bored 
into  the  rock.  The  enterprise  laboured  for  some  time  under 
great  difficulties.  Through  lack  of  experience,  drilling  was  a 
very  tedious  operation,  the  only  appliance  then  in  use  being  the 
old-fashioned  'kicking-rig',  operated  by  the  weight  of  the  human 
body."^  This  'kicking-rig'  was  very  similar  to  the  arrangement 
used  by  the  Chinese  for  drilling  wells  more  than  two  hundred 
years  ago. 


%^ 

U^^MK^K^  '     .JHI 

A»%         '  t^^^^rm 

J 

. .    T  •  -I^^^^  '  ■  *tl  ^^hInC^^^^^^^^H 

r 

J7^'*^v-^T 

B^^^^^^^^^^s^igjflHjJI 

^T 

■'^^-:i(f 

-•'    t 

'■r»                                         .-^Ty  - 

The  Petrolia  Oilfield  at  the  present  day. 

The  inspissated  petroleum  (or  'gum  beds')  probably  had  a 
dark  almost  black  colour,  ver>'  similar  to  that  of  the  deposit  now 
to  be  seen  at  the  mouth  of  a  producing  well.  It  occurs  "in  the 
vicinity  of  ^Oil  Creek,  in  the  southern  part  of  the  Township 
of  Enniskillen  (Lambton  Co.),  province  of  Ontario,  where  it 
forms  two  layers,  of  a  viscid  consistency,  known  as  gum  beds, 
occupying  areas  of  about  an  acre,  each,  in  extent,  and  having 
a  thickness  var>'ing  from  a  few  inches  to  two  feet.^ 


iBrumell,  H.P.,  G.S.C.,  Ann.  Rep.  Vol.  4,  1888-89,  p.  79  S. 

^" Black"  creek,  according  to  J.  D.  Noble. 

^Hoffman,  G.S.C..  Ann.  Rep.  Vol.  4,  1888-89,  p.  21,  T. 
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On  investigation  it  became  clear  that  the  petroleum  had 
oozed  from  the  rock  into  the  lower  sandy  layers  of  the  Erie  clay 
and  that  deeper  drilling  might  reach  the  source  of  the  oil.  Mr. 
Noble  states  that  "the  first  flowing  well  was  struck  on  the  19th 
of  February,  1862,  when  Mr.  John  Shaw,  of  Oil  Springs,  found 
oil  at  a  depth  of  160  feet  in  what  is  now  known  as  the  Upper  Vein. 
The  surface  indications  at  Petrolia  were  very  similar  to  those 
at  Oil  Springs. 

"At  Petrolia  in  the  northern  part  of  Enniskillen,  in  sinking  a 
well  near  a  natural  oil  spring,  a  bed  of  mineral  pitch  or  asphaltum, 
similar  to  that  just  described,  but  more  solid,  was  met  at  a  depth 
of  ten  feet  in  the  clay,  and  reposing  upon  a  layer  of  gravel  of  four 
feet.  This  bed  of  bitumen  is  from  two  to  four  inches  in  thick- 
ness and  is  readily  separable  into  thin  layers,  which  are  so  soft 
as  to  be  flexible,  and  show  upon  their  surfaces  the  remains  of 
leaves  and  insects  which  had  become  embedded  in  the  bitumen 
during  the  slow  accumulation  and  solidification.  It  is  mingled 
with  a  considerable  portion  of  earthy  matter.^ 

About  that  time  (1861),  the  hamlet  of  Petrolia  consisted  of 
a  few  scattered  log  houses.  A  very  small  refinery  was  being  built 
for  some  Boston  capitalists,  with  a  Mr.  Bryant  as  manager. 
The  original  ofiice  of  that  company  is  now  part  of  a  residence  in 
the  east  end  of  the  town.  The  Oil  Springs  big  wells  had  not  yet 
been  struck,  and  in  1861  several  surface  wells  were  dug  on  the 
flats  north  of  Petrolia,  near  Woodley's  mills.  A  little  later  the 
Eureka  well  was  put  down  with  drive  pipe.  This  well,  a  shallow 
one,  flowed  three  or  four  barrels  a  day.  It  deserves  mention  as 
it  was  the  first  oil  well  known  to  be  equipped  with  a  square  tim- 
ber derrick. 

By  the  summer  of  1861  the  refinery  above  mentioned  was 
in  operation,  and  one  Peter  Taylor  had  built  a  house  on  the  coun- 
try road  and  started  operations  as  a  teamster,  drawing  crude 
oil  to  the  refinery  from  Oil  Springs ;  Petrolia,  as  yet  having  little, 
if  any,  production.  The  nearest  post-office  was  then  on  the  hill 
near  Woodley's,  but  most  of  the  mail  was  brought  on  horseback 
from  Wyoming.  Gradually  conditions  improved  and  a  good 
boarding-house  was  started  on  the  flats,  all  the  supplies  being 

'Geology  of  Canada,  1863,  p.  524. 
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brought  from  Detroit.  Here  the  wealthier  speculators  took 
their  meals  in  state  and  in  the  summer  evenings  it  was  a  great 
place  of  entertainment  and  amusement. 

Main  Street  was  then  represented  by  a  line  through  the  bush, 
as  far  as  the  country  road,  and  one  barrel  of  oil  was  a  fair  load  for 
a  horse.  Almost  the  only  clearing  was  where  Lancey's  house  on 
the  hill  now  stands.  Bear  Creek  could  not  boast  of  a  bridge,  and 
the  hill  was  just  as  nature  had  made  it. 

John  Shaw  was  operating  on  the  flats  of  Petrolia  with  two 
other  partners  during  1861.  They,  however,  tired  of  him,  and 
gave  him  an  acre  of  land  at  Oil  Springs  to  dissolve  partnership. 
Shaw  went  to  Oil  Springs,  and  in  February  1862,  drilled  in,  on 
this  acre,  the  famous  Shaw  well.  Oil  was  reached  at  a  depth  of 
158  feet,  with  a  flow  of  3,000  barrels  a  day.  The  news  soon 
spread,  and  a  tremendous  rush  took  place  to  Oil  Springs,  while 
Petrolia  dropped  back  in  the  race.  Soon  after  another  well  was 
bored  at  Oil  Springs  by  Black  and  Mathieson  of  Sarnia,  near 
the  east  gum  beds,  in  the  woods  south  of  Oil  Springs.  This  well 
was  237  feet  deep  and  yielded  so  great  a  flow  (7,500  barrels  per 
day)  that  it  flooded  the  country  around  to  a  depth  of  a  foot  or 
more.  The  only  way  to  approach  the  well  was  by  skipping 
from  one  log  to  another  by  the  aid  of  a  pole.  This  set  the  specu- 
lators seething  with  excitement,  and  soon  fourteen  more  wells 
were  put  down  to  depths  varying  from  158  to  237  feet,  by  the 
tedious  spring  pole  method  then  in  vogue.  All  these  wells  were 
flowing  heavily,  and  the  oil  thus  brought  to  the  surface  flowed 
away  down  the  creek  by  hundreds  of  thousands  of  barrels. 

A  graphic  account  of  the  way  in  which  the  Oil  Springs 
strike  advertised  itself  is  given  by  Mr.  J.  D.  Noble.  At  that  time 
he  was  connected  with  the  lake  shipping  trade,  being  owner  of  a 
white-painted  schooner  which  was  engaged  in  carrying  lumber 
down  the  lakes.  His  headquarters  were  at  Kingston,  Ont.,  and 
he  was  exceedingly  particular  that  his  skipper  should  keep  the 
schooner  clean  and  trim.  When  it  ran  into  Kingston  one  day 
covered  with  a  thick,  black,  greasy  coating  he  demanded  an  ex- 
planation of  its  untidy  appearance.  Imagine  his  surprise  when 
his  officer  replied  that  it  was  due  to  a  thick  coating  of  oil  upon  the 
water  which  had  run  down  from  the  creeks  draining  the  Oil 
Springs  district  into  the  Sydenham  river,  where  the  vessel  was 
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loading  timber.  "And  you  many  congratulate  yourself,"  said  he, 
"that  somebody  did  not  set  fire  to  the  river  and  burn  us  all  up. 
We  worked  all  night  and  got  the  vessel  loaded  with  timber  as 
quickly  as  possible  and  got  out  of  that  place."  Evidently  there 
was  'oil  in  plenty',  and  Mr.  Noble  determined  to  close  his  busi- 
ness at  Kingston  and  migrate  to  the  new  El  Dorado.  He  has 
remained  at  Petrolia  to  this  day,  and  became  one  of  the  largest 
producers  of  crude  oil  in  Canada,  and  has  drilled  about  500  wells. 

"Dr.  A.  Winchell,  in  his  "Sketches  of  Creation,"  gives  a  very 
vivid  description  of  the  early  workings  in  thisdistrict  as  follows: — 
'Though  western  Pennsylvania  has  produced  many  flowing  wells 
of  wonderful  capacity,  there  is  no  quarter  of  the  world  where  the 
production  has  attained  such  prodigious  dimensions  as  in  1862 
upon  Oil  Creek  in  the  Township  of  Enniskillen,  (Black  Creek, 
accordingly  to  Mr.  J.  D.  Noble,)  Ontario.  The  first  flowing  well 
was  struck  there  January  11th  1862,  and  before  October  not  less 
than  thirty-five  wells  has  commenced  to  drain  a  store-house 
which  provident  nature  had  occupied  untold  thousands  of  years 
in  filling  for  the  uses  of  man.  The  price  fell  to  ten  cents  a  barrel, 
but  three  years  later  that  oil  would  have  brought  ten  dollars  per 
barrel  in  gold.  From  detailed  determinations  I  have  ascertained 
that  during  the  spring  and  summer  of  1862  no  less  than  five  mil- 
lions of  barrelsof  oil  floated  off  upon  the  waters  of  Black  Creek.'  "' 
Fifteen  of  the  wells  struck  about  that  time  flowed  more  than  1,000 
barrels  per  day.  Superabundance  of  supply  had  fallen  upon  the 
small  community  before  it  was  in  a  position  to  cope  with  it,  and 
so  an  enormous  loss  ensued. 

These  heavy  flowing  wells  at  Oil  Springs  did  not  last.  They 
were  the  most  spectacular  wells  which  Canada  has  seen,  but  they 
did  not  serve  as  the  foundation  of  a  stable  industry  as  did  the 
wells  of  Petrolia,  to  be  developed  a  few  years  later. 

In  1861  John  Mackenzie  from  this  district  organised  the 
Liverpool  Oil  Company  in  England,  and  on  his  return  here  sent 
a  shipload  of  oil  to  the  company  in  England.  However,  it  never 
reached  the  ocean,  being  wrecked  on  the  St.  Lawrence.  In  1863 
oil  was  getting  very  scarce  and  it  was  almost  impossible 
for  a  team  to  get  a  load   at  a  time  from  any  one  well.     The 
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teamsters  would  go  from  one  well  to  another,  getting  a  little  at 
each  until  they  had  a  load,  so  great  was  the  demand.  At  this 
time  Mr.  Jury  was  the  leading  oil  man — a  veritable  embryo 
Rockefeller.  The  production  had  fallen  off  considerably,  and  it 
did  not  exceed  30,000  barrels  per  year.  Every  Monday  morning 
Mr.  Jury  would  raise  the  price  of  oil  until  the  price  rose  from 
$3.50  to  $7.50  per  barrel.  The  oil  wrecked  on  the  St.  Lawrence 
was  sold  about  this  time  to  Charles  Mackenzie.  He  shipped  it 
back  to  Sarnia  and  stopped  the  buying  of  oil  for  the  Liverpool 
company,  and  the  next  day  the  price  of  oil  dropped  to  $4.50. 
The  demand  at  that  time  for  petroleum  was  very  small,  and  a 
few  thousand  barrels  one  way  or  the  other  would  send  the  price 
up  or  down. 

Travel  was  the  greatest  obstacle  to  business  in  those  days. 
The  road  to  Oil  Springs  was  cut  through  the  solid  forest,  the 
stumps  and  logs  being  piled  on  either  side.  The  traffic  on  it 
was  tremendous,  and  the  mud  was  constantly  so  churned  up 
that  it  was  impossible  for  foot  passengers  to  go  through.  They 
had  to  jump  from  log  to  log,  or  paddle  through  the  mud  and 
slush. 

In  the  summer  of  1861  one  Andrew  Elliott  contracted  with  a 
joint  stock  company  to  build  a  plank  road  from  Oil  Springs  to 
Wyoming.  After  immense  labour  the  road  was  fairly  completed , 
and  the  company's  finances  were  low.  To  recoup  himself  Elliott 
decided  to  operate  the  road  himself,  which  he  did  by  erecting 
numerous  toll  gates  and  charging  ten  cents  toll,  and  with  300  or 
more  teams  constantly  on  the  road,  this  meant  quite  a  lot  of 
money.  It  cost  a  great  deal  to  keep  the  road  in  repair,  though, 
and  it  was  constantly  breaking  where  the  mud  was  very  soft, 
which  was  in  many  places.  So  bad  was  it  that  W.  H.  Hammond, 
who  was  drawing  oil  from  Oil  Springs  to  Wyoming  under  con- 
tract of  $1  per  barrel  if  he  kept  the  refinery  going,  and  90  cents 
per  barrel,  if  he  failed,  along  with  another  contractor,  put  men 
at  work  on  the  road  to  kept  it  in  repair,  just  to  facilitate  their 
own  business. 

In  the  winter  of  1864  the  oil  business  once  more  gathered  it- 
self together  and  Petrolia  began  to  make  a  definite  start  as  an 
oil  town,  or  village  as  it  was  then.  A  number  of  wells  were  put 
down  on  the  flats  along  Bear  Creek  and  a  very  large  amount  of 
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oil  purchased  by  speculators.  At  that  time  oil  was  very  scarce. 
All  the  Oil  Springs  wells  were  shallow,  and  most  of  them  were 
playing  out,  while  Petrolia's  production  had  not  yet  become  a 
factor  in  the  market. 

In  that  winter  the  historic  corner  of  the  refineries  was  or- 
ganised, and  worked  so  successfully  that  oil  went  up  to  $10  per 
barrel,  and  even  higher.  The  corner,  however,  manipulated  the 
prices  to  suit  its  interests,  and  many  men  became  suddenly  rich 
and  many  more  became  poor  with  equal  celerity  before  it  went 
the  way  of  all  corners. 

Oil  continued  to  be  very  scarce,  however,  in  1865,  the  re- 
fineries frequently  running  short.  It  was  a  common  thing  for  a 
teamster  to  be  sent  to  a  well  with  instructions  to  wait  until  he 
got  the  oil,  and  often  two  or  three  teams  would  be  waiting  for  the 
oil  to  be  pumped  from  one  well. 

As  yet  the  litharge  process  for  the  extraction  of  sulphur  and 
other  impurities  had  not  been  discovered.  The  illuminating  oil 
gave  a  good  light  but  a  bad  smell.  Two  grades  were  produced, 
the  first  was  fair,  but  the  second  was  not  good.  In  addition  to 
the  sulphur  it  contained  so  much  paraffin  that  it  would  congeal 
in  cold  weather. 

From  1865,  Petrolia  began  to  prosper  and  grow  almost  as 
quickly  as  Oil  Springs  had  done.  At  first  the  drilling  was  con- 
fined to  a  very  limited  area  along  the  flats.  Nearly  all  the  opera- 
tors were  Americans,  and  they  had  an  idea  that  oil  could  only  be 
found  near  the  streams,  whereas,  of  course,  the  chief  advan- 
tage of  drilling  near  a  stream  is  a  saving  of  cost,  by  having  a 
smaller  depth  to  drill  to  reach  the  pay  sand  than  if  the  well  were 
started  higher  up  the  valley  slope.  Other  land  was  difficult  to 
sell,  although  there  were  always  companies  doing  a  fine  business 
on  an  insecure  basis,  catching  the  unwary.  A  great  deal  of 
sharp  practice  was  going  on  and  all  sorts  of  schemes  were  worked 
to  make  money  out  of  the  green  investor,  until  the  business  settled 
down  to  a  solid  basis  of  oil  rock  and  wells. 

The  oil  business  was  thus  progressing  in  the  erratic  way  pe- 
culiar to  itself,  Petrolia  growing  and  Oil  Springs  falling  back, 
when  in  1866  came  the  troublous  days  of  the  Fenian  raids. 
This  seemed  to  strike  terror  into  the  hearts  of  the  Americans  at 
Oil  Springs,  and  a  perfect  stampede  for  the  border  followed. 
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From  twelve  to  twenty  families  would  leave  for  the  border  each 
night,  and  a  great  many  more  moved  to  Petrolia,  so  that  Oil 
Springs  faded  away  into  insignificance  even  more  quickly  than 
it  had  sprung  into  existence.  Its  production  had  almost  failed, 
all  the  shallow  deposits  had  become  exhausted  by  the  reckless 
waste  of  the  earlier  days,  and  the  lower,  less  variable,  but  more 
stable  source  of  supply  was  yet  to  be  discovered. 

In  1866  Petrolia  was  duly  incorporated  as  a  village,  with  the 
late  George  Moncrieff  as  reeve.  In  the  same  year  the  Western 
Railway  ran  a  spur  from  Wyoming  into  Petrolia,  built,  however, 
as  lightly  and  cheaply  as  possible,  so  that  if  the  Petrolia  oil  busi- 
ness died  as  suddenly  as  that  of  Oil  Springs  had  done,  the  least 
possible  amount  would  be  lost.  But  Petrolia  was  not  fated  to 
follow  the  same  course  as  Oil  Springs.  Its  resources  were  con- 
tinually growing.  Oil  was  found  to  exist  in  far  greater  quantity 
than  was  at  first  imagined,  and  the  village  exhibited  a  steady 
growth  that  was  indicative  of  a  continued  existence  and  a  large 
measure  of  prosperity. 

In  1865  the  town  of  Petrolia  consisted  of  six  log  houses  and  a 
vast  tract  of  waste  land,  mostly  swampy  bush,  but  by  the  fall  of 
1866  there  were  2,300  inhabitants  and  four  churches,  a  school, 
four  or  five  good-sized  hotels — in  fact  its  hotel  accommodation 
was  equal  to  that  of  many  of  the  cities — a  number  of  well  stocked 
stores,  and  an  inexhaustible  fund  of  oil  excitement. 

One  of  the  first  wells  struck  was  on  the  flats,  and  it  produced 
a  great  deal  of  oil.  It  was  then  supposed,  as  has  already  been 
remarked,  that  oil  could  only  be  obtained  on  the  flats,  and  the 
closer  to  the  creek,  the  better.  This  notion  was  finally  dispelled 
in  1867  by  an  enterprising  gentleman,  the  famous  Captain  King 
of  St.  Catharines.  He  went  away  back  into  the  swampy  woods 
to  the  west  of  what  is  now  Eureka  Street,  where  the  forest  was 
dense  and  the  ground  litterally  covered  by  water.  After  a  great 
deal  of  difficulty  he  put  down  a  well  which  started  to  flow  at  a 
tremendous  rate,  and  which  has  since  been  known  as  the  'King 
weir.  When  this  became  known  it  caused  great  excitement,  and 
every  speculator  in  the  village  wanted  to  operate  in  that  locality. 
Among  others  who  located  were  John  Brake,  John  D.  Noble, 
Marshall  and  Goderich,  Peter  Taylor,  'Big'  Frank  Smith,  J.  D. 
Meddaugh,  and  others.     One  of  the  first  wells  was  struck  by  Mr. 
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Noble,  and  it  pumped  250  barrels  a  day  for  a  long  time,  and,  often, 
the  well  had  to  be  shut  down  for  want  of  tank  room  and  barrels 
to   take  away   the  oil. 

Oil  operators  had  two  great  troubles  to  contend  with,  then, 
neither  of  which  are  now  seriously  felt.  They  were  lack  of  trans- 
portation facilities  and  danger  from  fire.  When  oil  -was  struck 
such  tremendous  gushers  were  drilled  in,  that  in  the  inconceivably 
bad  condition  of  the  few  roads  then  extant  transportation  was 
sometimes  impossible  and  always  very  expensive.  All  the  oil 
was  teamed  or  shipped  in  barrels,  tank  cars  being  unknown. 

A  number  of  wells  were  put  down  on  the  King  property,  and 
the  oil  accumulated  so  quickly  that  the  refineries  could  not  sup- 
ply enough  barrels  to  cope  with  the  output.  So,  the  operators 
began  to  store  their  oil  in  large  wooden  surface  tanks,  and  the 
whole  territory  was  soon  covered  with  an  army  of  these  tanks, 
each  filled  to  the  brim  with  crude  oil.  One  Saturday  night  a  fire 
broke  out  at  a  rig  among  these  tanks,  and  when  the  alarm  was 
given  a  stampede  of  operators  took  place,  from  the  village  to  the 
spot.  Great  efforts  were  made  to  prevent  the  flames  from  spread- 
ing, and  four  pipes  were  run  into  the  burning  tank  to  empty  it, 
so  as  to  prevent  further  loss.  It  was  all  in  vain.  The  staves  of 
the  tank  took  fire,  and  it  finally  collapsed.  The  seething,  burn- 
ing oil  flowed  in  all  directions,  and  a  terrific  conflagration  ensued. 
The  flames  reaching  a  height  of  100  feet.  Every  rig  (each  well 
had  its  own  rig),  and  everything  else  over  ten  acres  of  ground 
were  burned,  including  tanks  and  thousands  of  barrels  of  oil. 
The  fire  lasted  two  weeks  and  when  it  had  finally  burned  itself 
out,  there  was  only  a  sad  scene  of  desolation  and  ruin,  where  for- 
merly was  a  hive  of  industry  with  its  wonderfully  rich  results. 
The  ground  was  charred  to  a  depth  of  two  feet.  This  stupendous 
catastrophe  did  not  daunt  the  stout-hearted  oil  men  in  the  least. 
They  simply  started  again  at  the  beginning  and  built  up  their 
positions  once  more,  profiting  by  their  trying  experiences.  In 
addition  to  the  explosion  of  his  boiler  and  the  loss  of  tanks  and 
pumping  rig,  Mr.  Noble  lost  10,000  barrels  of  oil  by  that  fire. 

In  1868  there  was  built  the  famous  big  still,  which  was  an  ob- 
ject of  interest,  both  in  itself  and  for  financial  reasons.  This 
was  built  by  the  Ontario  Carbon  Oil  Company,  and  stood  on  the 
site  of  the  Imperial  Oil  Company's  refinery.     It  was  a  huge  aff^air 
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for  the  period,  taking  2,500  barrels  of  oil  at  a  charge.  It  ran 
fairly  steadily  for  a  year,  when  some  difficulty  occurred  during 
a  run,  and  the  great  still  exploded.  It  took  a  whole  year  to  re- 
pair and  re-build  this  still,  and  after  all  this  trouble,  it  blew  up 
again  on  the  very  first  run  with  such  effect  that  the  company  also 
collapsed,  and  left  numerous  debts  unpaid  to  this  day. 

By  1871  there  were  wells  as  far  north  as  the  present  blind 
line,  and  as  far  west  as  the  Marthaville  road,  but  at  that  time 
Marthaville  had  not  been  discovered.  The  Petrolia  field  was 
still  very  limited,  but  steadily  pushing  its  boundaries  to  the 
northwest. 

The  discovery  which  laid  the  foundation  of  Marthaville's 
prosperity  as  an  oil  territory  was  made  at  the  Coryell  flowing  well 
which  was  struck  in  1872,  in  a  hollow  at  the  junction  of  the  blind 
line  and  the  Marthaville  side-road,  where  there  was  an  opening 
in  the  forest.  Elijah  Coryell  put  down  the  well  and  his  enter- 
prise was  rewarded  by  a  well  which  was  the  best  of  the  Petrolia 
field  up  to  that  date.  Another  boom  followed  this  strike  and 
led  to  a  great  deal  of  drilling  in  the  vicinity  of  this  well. 
One  lot  on  this  strip  between  the  blind  line  and  the  twelfth 
line,  then  all  wild  land,  was  owned  by  a  man  named  Lamb.  After 
the  Coryell  well  was  struck  his  land  fabulously  increased  in 
price,  and  he  suddenly  sprang  from  extreme  poverty  to  great 
wealth.  Previously  to  the  well  being  found  his  land  would  have 
sold  for  $20  an  acre,  but  after  that  he  just  as  easily  got  $1000  an 
acre,  and  leased  a  good  deal  of  it  at  one-quarter  royalty,  and  as 
big  wells  were  struck  he  speedily  accumulated  wealth  by  selling 
out.  James  Joyce  bought  the  property,  which  is  still  a  good 
producer. 

This  convinced  people  that  the  oil-field  extended  farther  to 
the  north-west  than  anyone  had  previously  imagined.  Of  course, 
that  whole  territory  was  then  solid  forest.  A  corduroy  road 
ran  where  the  twelfth  line  now  is.  More  observant  operators 
noticed  that  the  belt  appeared  to  trend  north-west,  through  the 
King  wells  to  the  Coryell  and  Lamb  properties. 

The  next  important  well,  and  the  one  which  settled  the  fu- 
ture of  the  north-west  territory,  was  put  down  by  Mr.  Noble. 
He  followed  up  the  north-west  trend  as  far  as  Lot  5,  Concession 
XIII  then  part  of  the  estate  of  the  Hon.  John  Macaulay.     The 
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managers  of  the  estate  offered  him  a  one-half  interest  in  ten  acres, 
if  he  would  put  down  a  well  there.  The  contract  price  for  drill- 
ing the  well  was  $900,  and  it  was  then  considered  almost  a  gigantic 
undertaking.  A  strong  foundation  of  mud  sills  and  huge  squared 
timber  had  to  be  laid  in  the  quagmire,  and  on  this  was  reared  the 
ponderous  derrick.  The  'lower  lime'  was  reached  at  360  feet, 
and  seven  feet  lower  a  crevice  was  reached  into  which  the  tools 
dropped  eighteen  inches.  The  driller  realised  that  a  well  had 
been  struck,  and  the  stove  was  quickly  put  out.  Suddenly  there 
came  a  roar  of  gas,  and  then  a  fountain  of  oil  that  smothered  the 
rig  and  everything  around,  and  one  more  gusher  was  added  to 
Petrolia's  producers.  The  well  flowed  fifty  barrels  a  day  for 
six  months,  large  quantities  being  lost  in  the  bush  for  want  of 
tankage  and  shipping  facilities.  Finally  a  500  barrel  tank 
was  built,  Mr.  Noble  felt  himself  a  rich  man  as  he  saw  the  stream 
of  oil  running  into  it  at  the  rate  of  two  barrels  per  hour.  Then 
he  laid  a  pipe  line  five  miles  long  to  the  railway,  and  put  up  a 
tank  there,  from  which  to  ship. 

The  discovery  of  the  big  wells  in  the  north-west  territory 
seriously  upset  the  equilibrium  of  the  oil  business  and  sent  the 
price  down  to  20  cents  per  barrel  for  a  time.  Means  were  found 
for  the  storage  of  the  oil  and  the  progress  from  that  time  on  has 
been  steady.  Naturally  enough  Petrolia  grew  with  the  busi- 
ness, and  in  1874  was  incorporated  as  a  town,  with  the  late 
George  Moncrieff  as  its  first  mayor. 

One  of  the  greatest  needs  of  the  newly-formed  town  was 
better  railway  facilities,  and  the  council  soon  took  steps  to  grap- 
ple with  the  question,  with  the  result  that  in  1877  a  by-law  was 
passed  granting  $25,000  to  the  Sarnia,  Chatham  and  Erie  Rail- 
way, to  build  a  line  to  the  town,  which  was  completed  early  in 
the  following  year. 

A  great  many  wells  have  been  drilled  in  the  field.  It  is 
probably  impossible,  now,  to  ascertain  the  total  number.  It  is 
the  opinion  of  operators  that  the  field  has  been  over-drilled,  but 
the  rush  to  get  oil  out  of  the  ground  before  the  next  man  pumped 
it  out  doubtless  accounts  for  the  excessive  drilling.  The  prac- 
tice has  been  to  sink  wells  and  pump  them  until  the  yield  of  oil 
no  longer  paid  for  the  pumping,  when  they  were  abandoned 
and  others  drilled  to  take  their  places.     So  that,  from  time  to 
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time,  the  number  of  wells  being  pumped  has  varied.  Thus  in 
1898  Mr.  T.  C.  Denis  estimated  the  number  of  producing  wells 
in  the  Enniskillen  fields  to  be  7,000,  in  1901  Dr.  R.  Chalmers 
gave  the  number,  including  dry  holes,  as  10,000  to  11,000, 
whilst  in  1903  Mr,  J.  Scott,  Ontario  Government  inspector  of 
oil  wells  gave  the  number  of  wells  as  6,697,  as  follows: — 

Wells  Not  Aban- 

pumped       Baled      operated       doned  Total 

Petrolia 3,076         357         1,326         655         5,414 

Oil  Springs 1,210  ..  64  9         1,283 


Total 4,286        357         1,390        664        6,697 

The  production  reached  a  maximum  in  1895,  as  the  accom- 
panying diagram  shows.  (Fig.  1.).  The  second  peak  in  the  dia- 
gram, coinciding  with  the  year  1907  is  to  be  ascribed  to  the  dis- 
covery and  development  of  the  Tilbury  oil-field.  The  diagram 
shows  that  the  production  has  been  almost  constantly  on  the  de- 
crease since  the  maximum  of  1895.  Wells  that  were  formerly 
heavy  producers  are  now  playing  out,  though  some  keep  up 
their  production  in  a  remarkable  manner.  The  average  pro- 
duction per  well  is  now  about  three  or  four  barrels  per  month, 
and  a  number  of  wells  have  to  be  connected  to  one  power  plant, 
by  jerker  lines,  to  make  them  pay. 

According  to  Clapp  "The  Oil  Springs  and  Petrolia  fields  are 
contracting  from  the  outside  edges,  inward.  No  water  problem 
has  developed,  except  in  the  extreme  north-west  extension  of  the 
field,  east  of  Sarnia.  Wells  on  the  outer  limits  are  exhausted 
and  abandoned,  from  time  to  time,  and  no  new  production  is 
taking  their  place.  This  field  exhibits  a  comparatively  rare  ex- 
ample of  an  oil  pool  declining  from  the  single  cause  of  the  ex- 
haustion of  the  underground  supply  of  oil.  The  decrease  is  not 
complicated  by  the  exhaustion  of  gas  pressure  or  consequent  en- 
croachment of  water;  nor  is  the  oil  of  of  such  a  character  that 
obstructive  waxes  and  sediments  have  accumulated  at  the  bot- 
tom of  the  well.  The  oil  rock  is  rather  open  and  vesicular,  and 
apparently  allows  the  complete  exhaustion  of  the  oil  in  the  sand 
in  the  vicinity  of  a  well  or  group  of  wells,  before  their  abandon- 
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',.  1 — Production  of  Crude  Oil  in  Ontario  up  to  the  end  of  1914,  (from  1863  to  1866,  estimate 

(After  G.  R.  Mickle). 

ment.  It  has  been  possible  to  pump  all  wells  alike,  by  shackle 
power,  while  in  some  other  fields  complicating  underground  fac- 
tors make  each  well  a  separate  problem.  Careful  producing 
methods  have  been  used  on  most  leases,  the  casing  and  pumps 
have  been  carefully  watched,  and  even  after  the  power  has  been 
disconnected  from  a  well,  it  is  sometimes  pumped  or  baled  by 
hand,  from  time  to  time.  Thus  the  field  is  unique  in  its  long  life, 
and  in  the  characteristics  of  its  decline."^ 

Petrolia  was  for  a  long  time  the  centre  of  the  oil-refining 
industry,  though  some  refining  was  done  at  Sarnia,  also  at  Lon- 
don, Ont.,  and  Hamilton.  The  sulphuric  acid  works  at  one  time 
operated  in  London,  Ont.,  owed  its  existence  to  the  oil  refining 
business.  The  bulk  of  the  oil  refining  is  done  at  Sarnia,  since 
about  1898.  The  sulphuric  acid  works  at  London,  Ont.,  pro- 
bably went  out  of  business  about  the  same  time.  It  is  interest- 
ing to  note  that  pyrite  which  is  used  for  the  manufacture  of  sul- 
phuric acid,  was  shipped  from  the  Eustis  Mine,  Ascot  Tp.,  Que. 
to  London,  Ont.,  in  1877.== 


Geology. 

Stauffer's  recent  geological  map  of  south-western  Ontario 
(Geological  Survey  of  Canada,  No.  116  A,  1914),  indicates  the 
presence  of  two  anticlines  in  Enniskillen  Township,  correspond- 


'Clapp,  F.G.,  Petroleum  and  Natural  Gas  Resources  of  Canada.  Vol.  II, 
p.  180. 

^Bancroft,  J.  A.,  Rep.  on  Copper  Deposits  of  the  Eastern  Townships  of 
Quebec.     Dept.  of  Colonization,  Mines  and  Fisheries,  Que.,  1915,  p.  28. 
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ing  with  the  Oil  Springs  and  PetroHa  oil-fields,  respectively. 
The  anticlines  are  indicated  by  the  circular  or  elliptical  areas  of 
the  Petrolia  shale  of  Stauffer.  These  areas  would  correspond 
with  the  actual  outlines  or  shapes  of  the  anticlines,  if  the  thick- 
ness of  the  drift  were  constant.  An  outline  of  the  structures  of 
the  two  fields  in  detail  would  be  a  valuable  addition  to  the  litera- 
ture of  petroleum,  but  it  is  doubtful  whether  the  necessary  detail 
could  be  obtained  after  the  lapse  of  so  many  years  since  the  com- 
mencement of  drilling,  and  the  death  and  removal  of  operators 
and  drillers,  and  others  in  charge  of  well  records.  According  to 
Stauffer  "it  is  definitely  known  that  the  Oil  Springs  pool  is  separ- 
ated from  that  at  Petrolia  by  a  syncline.  At  Petrolia  the  top  of  the 
arch  is  said  to  be  more  or  less  dome  shaped  and  to  have  a  diameter 
of  about  1 ,200  yards.  On  all  sides  the  rocks  dip  gently  away  from 
this  apex  at  an  average  of  about  10  feet  per  mile."^  Mr.  T.  C. 
Denis  gives  the  dip  in  one  part  of  the  field  as  ten  and  a  quarter  feet 
per  mile:  "According  to  a  Petrolia  driller,  a  stratum  which  was 
struck  at  340  feet  beneath  the  surface  on  Lot  13,  con.  XL,  En- 
niskillen  township,  was  encountered  at  382  feet  on  ...  .  ,con.  XIL, 
which  would  give  a  fall  of  42  feet  in  this  distance  of  a  little  over 
four  miles. "^  The  relative  elevations  of  the  well  mouths  are 
not  given,  and  this  would  be  a  matter  of  importance  in  deter- 
mining the  true  amount  of  dip.  The  Petrolia  field  has  an  ex- 
tent of  about  ten  miles  from  north-west  to  south-east,  with  an 
average  width  of  three  miles. 

The  general  geological  succession  of  the  rocks  underlying 
the  district  is  as  follows: — 

Devonian Hamilton  Formation. 

Corniferous  (Onondaga)  limestone.     Oil- 
bearing. 
Oriskany  sandstone  (absent). 
Helderbergian  (absent). 

Silurian Salina  formation. 

Guelph  dolomite. 

Niagara  (Lockport)  dolomite. 

Cataract  formation. 


>G.  S.  C.  Memoir  34,  1915,  p.  256. 

2G.  S.  C.  Ann.  Rep.  Vol.  XI,  1898,  p.  136  S. 
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Ordovician Richmond  (Queenston)  red  shale. 

Lorraine  shale. 

Utica  shale. 

Trenton  limestone. 

Birdseye  limestone. 

Chazy  limestone. 

Calciferous  (Beekmantown)  formation. 

Potsdam  sandstone. 

The  petroleum  bearing  member  in  the  Enniskillen  fields  is 
the  Onondaga  limestone  of  the  Devonian.  Dr.  T.  S.  Hunt  was 
the  first  to  suggest  this  horizon  as  the  producer,  and  his  determin- 
ation has  been  confirmed  by  all  later  results.  That  important 
leakages  have  taken  place  into  the  overlying  drift  the  following 
shows : — 

"On  sinking  through  the  clay,  which  in  Enniskillen  town- 
ship covers  the  surface  rock  with  a  thickness  of  from  forty  to  sixty 
feet,  a  bed  of  gravel  is  generally  met  with,  from  which  consider- 
able supplies  of  petroleum  are  obtained.  These  constitute  what 
are  called  surface  wells,  but  they  are  generally  less  productive 
in  oil  than  those  which  are  bored  in  the  older  stratified  rock 
beneath,  and  which  are  known  as  rock  wells." ^ 

Stauffer  writes  "The  producing  rock  has  been  found  at  various 
horizons.  The  first  wells  obtained  their  supply  from  the  porous, 
gravelly  accumulations  at  the  bottom  of  the  drift.  Later  wells, 
and  the  greatest  producers  at  Oil  Springs,  obtained  their  supply 
at  a  depth  of  104  to  237  feet  below  the  surface.  Since  the  drift 
varies  from  38  to  125  feet  in  thickness,  the  depth  of  bed-rock  pene- 
trated in  these  wells  less  than  200  and  often  less  than  100  feet. 
It  seems  certain,  therefore,  that  these  wells  did  not  penetrate  the 
real  oil-bearing  stratum,  but  obtained  their  supply  from  cracks 
and  fissures  into  which  it  had  escaped  from  lower  levels.  Present 
wells  are  mostly  supplied  from  the  oil-bearing  stratum  which  lies 
450  to  475  feet  below  the  surface.  It  is  sometimes  described  as 
a  sandstone  and  again  as  a  granular,  porous  dolomite  which  lies 
at  the  base  of  the  Onondaga  limestone.  Either  of  these  would  be 
sufficiently  porous  to  serve  as  a  reservoir  for  the  crude  oil."^ 


^Geology  of  Canada,  1863,  p.  523. 

^Stauffer  C  R.,  G.S.C.,  Memoir  34,  19:5,  p.  253. 
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Stauffer  has  sub-divided  that  part  of  the  Devonian  which  is 
found  beneath  the  drift  in  the  township  of  Enniskillen  as  follow: 

Hamilton Ipperwash  limestone. 

Petrolia  shale. 

Widder  beds. 

Olentangy  shale. 
Delaware  limestone. 
Onondaga  limestone. 

These  sub-divisions  can  be  followed  in  the  well-records, 
though  the  uppermost  member,  the  Ipperwash  limestone,  is  not 
always  present.  The  upper  and  lower  "soapstones"  of  the  drillers 
correspond  to  the  Petrolia  and  Olentangy  shales  respectively, 
and  the  upper,  rr_iddle  and  lower  limes  of  the  drillers  to  the  Ipper- 
wash,Widder,  and  Delaware,  limestones  respectively.  Well  records 
have  been  published  by  Hunt,  Brumell,  and  again  by  Stauf¥er 
with  the  recent  sub-divisions  attached.  These  are  repeated  be- 
low, together  with  several  additions,  including  that  of  a  deep 
well,  which  was  sunk  to  a  depth  of  3,777  feet,  in  the  search  for 
a  deeper  pay  streak.  None  was  found,  however,  and  the  opera- 
tors are  able  to  depend  only  on  the  horizon  which  has  serv^edthem 
in  the  past.  This  is  destined  to  give  out  some  time  in  the  fu- 
ture, though,  doubtless,  the  field  will  have  a  considerable  life, 
yet,  and  only  reach  its  close  slowly  and  gradually.  The  follow- 
ing is  quoted  by  Brumell  as  a  well  typical  of  the  Petrolia  field: 

Well  sunk  about  A.D.  1880  near  Imperial  Refinery,  Petrolia. 
(Test  WeWy  on  Lot  12,  Con.  XL,  Enniskillen  Tp. 

Thickness    Total 
Feet         Feet 

14.  Drift 104  104 

Hamilton  Beds 

13.  Ipperwash  limestone.     (Upper  lime) 40  144 

12.  Petrolia  shale.     (Upper  soapstone) 130  274 

11.  Widder  beds.     (Middle  lime) 15  289 

10.  Olentangy  shale.    (Lower  soapstone) 43  332 

9.  Delaware  limestone.     (Lower  lime) 68  400 


^Stauffer,  loc.  cit.  p.  190,  also  Brurmiell,  G.  S.  C.  Annual  Rep.  Vol.  V, 
1890-91,  p.  62,  Q. 
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Onondago  limestone  (doubtless  including  part  of  the  De- 
troit River  Series). 

Thickness    Total 
Feet         Feet 

8.  Soft  limestone 40  440 

7.  Grey  limestone.     (Oil  at  base  of  this  stratum)      25  465 

Detroit  River  series  beds,  including  part  of  Salina. 

6.  Grey  limestone 135  600 

5.   Hard,  white  limestone  with  hard  streaks  of 

sandstone  from  2  to  5  feet  in  thickness.  .     500  1,100 

Salina  beds. 

4.  Gypsum 80  1,180 

3.  Salt  and  shale 105  1,285 

2.  Gypsum 80  1,365 

1.  Salt  and  shale 140  1,505 

A  deeper  well  has  been  put  down,  at  lot  11,  con.  XI,  Enni- 
skillen  township,  reaching  a  depth  of  3,777  feet.  It  is  known  as 
the  Carmen  well  and  was  drilled  by  A.  J.  Scott.  The  hole  was 
dry  to  the  bottom,  no  oil,  gas  or  salt  water  being  met  with. 
Mr.  J.  D.  Noble  has  kindly  furnished  the  following  record. 

Carmen  well.     Lot   11,  con.  XI,  Enniskillen  Tp.  Ont.^ 

Thickness    Total 
Feet         Feet 

26.  Drift 90  90 

25.  Streaks  of  lime  and  shale  (Hamilton  beds).  .  .  240  330 

24.  Corniferous 190  520 

Salina  beds.   (10  to  23) 

23.  Streaks  of  brown  and  gray  and  black  dolo- 
mite   690  1,210 

22.  Salt 65  1,275 

21.  Dolomite 20  1,295 

20.  Salt  and  thin  streaks  dolomite 140  1,435 

19.  Dolomite 30  1,465 

18.  Salt 90  1,555 

17.  Salt  with  light  and  dark  streaks  of  dolomite  .  50  1,605 

16.  Salt 25  1,630 

'See  also  XII  Interna.  Geol.  Congr.,  1913  Guide  Book  No.  4,  p.  100  and 
Clapp  F.  G.  Petroleum  and  Natural  Gas  Resources  of  Canada,  Mines  Branch 
No.  2Q1,  1915,  Vol.  II,  p.  176. 
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Thickness    Total 
Feet         Feet 

15.  Gray  dolomitic  limestone 10  1,640 

14.  Salt 67  1,707 

13.  Streaks  of  dolomite  and  salt 40  1,747 

12.  Salt 138  1,885 

11.  Gray  dolomite,  limestone  and  shale 130  2,015 

10.  Salt 90  2,105 

9.  Guelph  and  Niagara  (Lockport) 275  2,380 

8.  Niagara  shale,  red  and  dark  Cataract     60  2,440 

7.  Clinton  Catomc/ 90  2,530 

6.  Richmond  (Queenston) 275  2,805 

5.  Lorraine  shale  (light) 205  3,010 

4.  Utica  shale,    (dark) 165     3,175 

3.  Trenton  limestone 170     3,345 

2.  Birdseye  limestone 115     3,460 

1.  Chazy  limestone 317     3,777 

The  records  of  a  number  of  other  wells  are  available  and 
are  given  below  for  the  sake  of  completeness,  quoting  only  those 
whose  locations  are  known,  either  definitely  or   approximately, 

Lot  15,  Con.  IX,  Enniskillen  tp.^ 

3.  Drift 38ft.       38 

2.  Shale,  etc 222         260 

1.  Limestone  and  other  hard  rocks 378         638 

Lot  5,  Con.  XII,  Moore  tp.^ 

6.  Drift 147         147 

5.  Ipperwash  limestone.  .(Upper  lime  rock)  ...       61         208 

4.  Petrolia    shale,    perhaps    including   part   of 

Widder  beds.     (Upper  soapstone) 127         335 

3.  Widder  beds 12         347 

2.  Olentangy  shale 46         393 

1.  Delaware  limestone 77         470 

Gas  in  paying  quantity  was  struck  at  438  feet  and  the  well 
is  now  a  good  producer  of  both  oil  and  gas." 


»Hunt,  T.  S.,  G.  S.  C.  Rep.  1863-6,  p.  246. 
"Stauffer,  loc.  cit.  p.  192. 
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Lot  2,  Con.  X,  Moore  tp.  Well  No.  4,  Saunders  farm.^ 

6.  Drift 145         145 

5.  Ipperwash  limestone.    (Upper  lime  rock).  ...        58         203 

4.  Petrolia  shale (Upper  soapstone)  ...      116         319 

3.  Widder  beds (Middle  lime  rock) ...        15         334 

2.  Olentangy  shale (Lower  soapstone) ....       44         378 

1.  Delaware  and  Onondaga  limestone.  .  .(Lower 

lime  rock) 102         480 

There  were  no  stones,  gravel  or  water  at  the  base  of  the 
drift.  Shows  of  gas  and  oil  were  met  at  392,  430  and  450  feet, 
the  well  being  completed  on  September  18th,  1904. 

Lot  2,  Con.  X.,  Moore  tp.  Well  No.  2,  Saunders  farm.^ 

6.  Drift 149         149 

5.  Ipperwash  limestone.  .{{]\)per  Wme  roc^..  .  .       55         204 

4.  Petrolia  shale (Upper  soapstone). .  .  .      120         324 

3.  Widder  beds (Middle  lime  rock) ....        15         339 

2.  Olentangy  shale (Lower  soapstone)..  .  .       47         386 

1.  Delaware  and  Onondaga  limestones    (Lower 

lime  rock) 99         485 

There  was  a  show  of  gas  at  390  feet,  and  shows  of  oil  at  410 
and  435  feet.     The  well  was  completed  on  August  2,  1904. 

There  are  several  well  records  preserved  which  relate  to  the 
Oil  Springs  pool.     They  are  given  below. 

Lot  19,  Con.  II,  Enniskillen  tp.^ 

2.  Drift 42  42 

1.  Shale,  etc 182         224 

There  was  a  copious  flow  of  oil  at  this  depth.  After  exhaus- 
tion, boring  was  continued  595  feet  farther  through  limestone,  of 
which  the  lower  part  was  tender  and  friable. 


iprom  Mr.  J.  D.  Noble. 
"From  Mr.  J.  D.  Noble. 
'Hunt,  T.  S.,  G.  S.  C.  Rep.  1863-6,  p.  246. 
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Lot  21,  Con.  I,  Enniskillen  tp.^ 

3.  Drift 71  71 

2.  Grey  shale  etc.,  some  hard  beds  at  top 315  386 

1.  Solid  limestone 70  456 

Oil  struck  at  this  depth. 

Lot  18,  Con.  II,  Enniskillen  tp.  named  Test  well.'' 

3.  Drift... ^ 77  77 

2.  Grey  shale  etc 300  377 

1.  Hard  rock  till  near  bottom,  when  soft  shales     623  1,000 

Well  on  the  east  side  of  the  Oil  Springs  Pool.^ 

6.  Drift 60  60 

5.  Ipperwash  limestone. .  (Upper  lime  rock) ....       35  95 

4.  Petrolia  shale (Upper  soapstone)..  .  .      101  196 

3.  Widder  beds (Middle  lime  rock). .  •  •       27  223 

2.  Olentangy  shade (Lower  soapstone)..  .  .        17  240 

1.  Delaware  and   Onondaga  limestones   (Lower 

lime  rock) 130  370 

Well  on  the  west  side  of  the  Oil  Springs  Pool.^ 

5.  Drift 80  80 

4.  Petrolia  shale (Upper  soapstone) 116  196 

3.  Widder  beds (Middle  lime  rock) 27  223 

2.  Olentangy  shale.  .  .(Lower  soapstone) 17  240 

1.  Delaware  and   Onondaga  limestones   (Lower 

lime    rock) 130  370 

Oil  was  found  in  both  of  these  wells  at  370  feet  from  the  sur- 
face, and  water  at  252  feet. 

drilling  practice 

The  oil-bearing  formation  is  a  stratum  of  from  five  to  ten 
feet  in  thickness  and  lies  at  a  depth  of  about  460  feet  from  the 

surface,  at  Petrolia.     The  first  hundred  feet  is  clay.  This  is 
bored  by  means  of  an  auger,  which  is  turned  by  a  horse,  inside 


iHunt,  T.  S.,  G.  S.  C.  Rep.  1863-6,  p.  246. 

^Brumell,  H.  P.  H.,  G.  S.  C.  Ann.  Rep.  Vol.  IV.,  1888-9,  p.  78  S. 
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No.  3 — Fraser  \\  ell  and  Drilling  Rig.     Yield,  six  barrels  a  day. 


the  derrick.  The  clay  is  compact  and  cuts  into  cones  just  Hke  a 
cheese.  The  auger,  when  containing  about  five  feet  of  soHd  clay, 
is  pulled  out  by  a  steam  engine,  by  means  of  a  rope  passing  over  a 
pulley  at  the  top  of  the  derrick.  The  clay  is  deposited  on  the 
surface  and  then  the  auger  is  lowered  for  another  cut.  This  opera- 
tion is  repeated  until  rock  is  struck.  The  horse  is  then  dispensed 
with,  the  boring  through  the  clay  in  this  manner  usually  occupying 
about  one  day.  An  octagonal  wooden  conductor,  eight  to  ten 
inches  in  diameter,  made  from  one  inch  pine  boards,  is  then  in- 
serted into  the  hole,  to  prevent  the  clay  from  caving  in,  and  the 
drilling  is  then  commenced.  This  is  done  by  the  Canadian  sys- 
tem of  pole-drilling,  which  is  especially  adapted  to  the  drilling 
of  shallow  wells,  deep  wells  being  more  efficiently  accomplished 
by  cable  drilling.  So  expeditious  have  the  drillers  became  that 
it  only  takes  one  week,  working  night  and  day  to  drill  to  the  oil- 
bearing  horizon. 

Pole  drilling  is  carried  on  by  means  of  a  heavy  iron  bar, 
thirty-six  feet  long  and  three  and  a  half  inches  in  diameter,  shod 
at  the  bottom  with  a  steel  bit  4|  inches  in  diameter,  for  cutting 
the  rock.  To  this  are  attached  white  ash  poles  each  thirty- six 
feet  long  and  two  and  a  half  inches  in  diameter.  Canadian  white 
ash  is  especially  adapted  for  this  purpose.  The  poles  have  a 
screw  pin  at  one  end  and  a  screw  socket  in  the  other.     They  are 
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placed  upright  in  the  derrick  and  as  the  drilling  of  the  well  pro- 
ceeds they  are  screwed  together  and  lowered  down  into  the  hole 
attached  to  the  heavy  iron  bar,  which  is  called  the  sinker  bar  or 
drill.  The  driller  stand,  or  sits,  at  the  top  of  the  well,  holding 
the  poles,  which  are  attached  to  the  walking  beam  by  means  of 
a  chain  and  swivel.  The  walking  beam  is  moved  up  and  down 
by  the  steam-engine  and  the  weight  of  the  tool  cuts  the  rock. 
The  driller  turns  the  poles  continually,  so  as  to  make  a  round  hole. 
When  the  bit  gets  dull  the  poles  are  raised  by  the  steam  engine, 
unscrewed,  and  set  up  in  the  derrick.     The  bit  is  then  removed 


No.  4 — Hopwood  Well.     Yield,  100  barrels  a  day. 

from  the  bottom  of  the  bar  and  another  sharp  bit  screwed  on. 
The  cuttings  are  removed  from  the  bottom  of  the  hole,  by  means 
of  a  tube  (the  sand  pump)  with  a  valve  opening  inwards  at  the  bot- 
tom, which  is  lowered  into  the  well.  The  weight  of  the  tube 
with  the  poles  attached  forces  all  the  cuttings  into  it,  through  the 
valve,  and  when  it  is  raised  the  weight  of  the  cuttings  closes  the 
valve.  The  cuttings  are  thus  caught  inside,  raised  to  the  sur- 
face, and  so  the  drilling  is  continued  until  the  well  is  finished. 
As  the  poles  are  thirty-six  feet  in  length  the  driller  can  easily  tell 
how  deep  the  well  is  by  the  number  of  poles  in  the  well. 

The  top  rock  which  lies  below  the  hundred  feet  of  Erie  clay  is 
limestone  (Ipperwash  limestone)   forty  feet  thick,  then  comes 
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a  hundred  and  thirty- five  feet  of  "soapstone"  (Petrolia  shale), 
making  two  hundred  and  seventy-five  feet  which  have  to  be  cased 
off  with  iron  casing,  usually  4f "  in  diameter,  as  the  Petrolia 
shale  sometimes  caves.  The  hole  is  reamed  so  as  to  allow  the 
casing  to  go  in.  Then  comes  fifteen  feet  of  'middle  limestone 
(Widder  beds),  then  forty  feet  of  lower  soapstone  (Olentangy 
shale),  which  does  not  cave.  After  this  there  is  a  hundred  and 
thirty  feet  of  'lower  limestone'  (Delaware  and  Onondaga  lime- 
stones) to  go  through,  making  four  hundred  and  sixty  feet  in  all. 
At  this  point  from  five  to  ten  feet  of  oil-bearing  rock  is  found 


No.  5 — 'Big  Rig"  Pumping  Station  on  the  Fitzgerald  property,  Petrolia  ;|erected 
by  Mr.  J.  D.  Noble.     The  gas  engine  here  pumps  two  hundred  wells. 


lying  horizontal,  and  parallel  to  the  surface,  and  this  isjfound 
in  every  well  sunk  within  the  limits  of  the  oil  belt,  so  there  are  no 
dry  holes  in  the  good  territory.  The  wells  all  pump  more  or  less 
oil  according  to  the  thickness  of  the  oil-rock  and  its  porosity. 
A  nitro-glycerine  torpedo  is  lowered  into  the  well  and  exploded 
in  the  oil-bearing  rock,  so  as  to  shatter  the  rock  and  allow  the  oil 
to  flow  more  freely  into  the  well.  After  this  is  done  the  wells 
are  drilled  down  to  ten  or  fifteen  feet  below  the  bottom  of  the 
oil-rock  so  as  to  leave  a  pocket.  This  makes  the  well  about  four 
hundred  and  eighty  feet  deep  in  all.  The  lower  part  of  the  well 
is  usually  4^"  in  diameter. 
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The  expense  of  drilling  a  well,  which  takes  about  one  week 
to  accomplish,  is  very  little.  Drillers  who  own  their  drilling 
rigs  and  follow  the  business  can  be  found  who  will  contract  to 
furnish  everything  and  drill  a  few  wells  on  a  man's  farm  for  $175 
each.  To  this  must  be  added  the  cost  of  the  plant  used  in  con- 
nection with  the^pumping  of  the  well,  after  it  has  been  put  into 
a  producing  state.  This  consists  of  two  hundred  and  seventy- 
five  feet  of  iron  casing,  4| "  in  diameter  to  shut  off  the  Petrolia 
shale,  also  four  hundred  and  seventy  feet  of  pump  tubing  Ij"  in 
diameter,  with  a  brass  working  barrel  at  the  bottom  of  it  con- 
taining the  lower  ball  valve;  also  four  hundred  and  seventy-five 
feet  of  f "  iron  rods  to  which  is  attached  the  upper  ball  valve. 
These  rods  work  up  and  down  inside  the  tubing,  in  the  brass 
working  barrel,  by  means  of  which  the  oil  is  lifted  through  the 
tubing  from  the  bottom  of  the  well  and  forced  into  a  tank  on 
the  surface  of  the  ground. 

A  company  called  the  Petrolia  Crude  Oil  and  Tanking  Com- 
pany has  been  in  existence  for  many  years,  having  a  network  of 
pipe-lines  extending  to  most  of  the  producing  wells.  This  com- 
pany receives  oil  from  the  producers  and  delivers  it  to  the  refiners 
at  a  small  charge,  or  issues  warehouse  receipts  for  it  deliverable 
on  demand,  and  the  producer  can  hold  his  oil  in  perfectly  safe, 
underground,  fire-proof  tanks,  and  sell  it  whenever  he  wishes 
to  do  so. 

These  underground  tanks  are  circular  in  form  and  can  be 
dug  to  any  required  capacity,  the  Erie  clay  of  the  district  being 
especially  adapted  for  the  purpose.  Fossils  derived  from  the 
Devonian,  most  conspicuous  of  which  is  Spirifer  mucronatus,  are 
quite  abundant  in  the  clay.  The  clay  is  so  compact  and  imper- 
vious that  it  will  hold  oil  or  water  without  leakage.  In  excava- 
ting a  tank,  expert  workmen  trim  down  the  walls  with  their  spades 
until  they  become  smooth,  and  when  the  hole  is  dug  out  they 
commence  at  the  bottom  and  ring  it  up  to  the  top  with  solid 
wooden  rings.  These  rings  are  formed  of  kants,  which  are  pieces 
of  Canadian  pine  cut  in  the  form  of  the  segment  of  a  circle,  and 
shaped  just  to  fit  the  circular  wall  of  the  tank.  They  are  from 
three  to  four  feet  long,  five  inches  wide  and  one  inch  thick,  and 
as  one  man  proceeds  to  nail  them  together  and  ring  up  the  tank, 
another  follows  him  putting  on  the  next  piece  so  as  to  cover  the 
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joints,  and  so  on  until  they  ring  up  the  tank  to  the  top.  When 
completed  it  is  a  pretty  sight  to  behold.  This  wooden  lining  is 
put  in  to  prevent  the  clay  from  caving  in,  but  not  to  stop  leakage, 
as  the  clay  holds  the  oil  perfectly.  These  tanks  have  been  known 
to  hold  oil  for  ten  years  without  leakage.  Another  great  ad- 
vantage of  this  system  is  that  the  oil  is  kept  at  an  even  tempera- 
ture and  that  there  is  no  danger  from  lightning,  which  has  caused 
so  many  disastrous  fires  in  other  places,  to  oil  stored  in  large 
iron  tanks.  These  tanks  for  storing  the  crude  oil  are  usually 
dug  thirty  feet  in  diameter  and  sixty  feet  deep,  and  hold  about 
8,000  barrels  of  thirty-five  Imperial  gallons  to  the  barrel.  The 
upper  twenty  feet  of  the  clay  is  not  so  impervious  as  the  lower 
part.  So  the  blue  clay  is  taken  from  the  bottom  of  the  tank 
and  puddled  about  one  foot  thick  behind  the  wooden  lining,  in 
the  upper  twenty  feet,  thus  forming  a  perfectly  oil-tight  tank. 
It  is  then  covered  by  large  oak  timbers  and  two-inch  planks  with 
tar  paper  between,  and  a  coating  of  gravel  on  top. 

The  material  pumped  from  the  wells  consists  of  a  mixture  of 
crude  oil  and  salt  or  sulphur-bearing  water.  In  the  early  days 
there  was  more  oil  than  water,  but  now  over  ninety  per  cent  of 
the  liquid  pumped  is  water,  As  the  liquid  runs  into  the  small 
tank  at  the  well  mouth  the  oil  floats  on  the  water,  and  the  water 
is  siphoned  off  from  the  lower  part  of  the  tank,  and  runs  away  to 
Bear  Creek.  The  crude  oil  is  of  a  dark  green  colour  and  the  grav- 
ity is  from  32°  to  37°  Beaume,  according  to  the  locality  from 
which  it  is  pumped.  The  oil  pumped  at  Oil  Springs  is  five  de- 
grees (Beaume)  lighter  than  Petrolia  oil,  having  more  benzine 
in  it. 

The  oil  industry  at  Petrolia  has  been  especially  remunera- 
tive,  for  the  following  reasons: — 

1.  The  very  small  cost  of  drilling  the  wells. 

2.  The  low  average  cost  of  producing  the  oil. 

3.  The  easy  manner  in  which  a  number  of  wells  can  be 
grouped  together  and  pumped  from  one  central  power  station. 

At  the  refinery  the  crude  oil  is  run  into  an  iron  still,  which  is 
a  cylinder  thirty  feet  long  and  ten  feet  in  diameter.  The  vapour 
from  the  still  is  condensed  to  a  clear  liquid,  which  forms  illumina- 
ting oil.     But  it  contains  unsaturated  hydrocarbons  and  there- 
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fore  burns  with  a  smoky  flame,  so  before  it  can  be  marketed  it  is 
treated  with  sulphuric  acid  (chamber  acid)  and  Htharge  in  an 
agitator.  The  acid  becomes  black  from  the  carbon  removed 
from  the  oil,  but  it  is  not  wasted.  It  is  used  in  the  manufacture 
of  soluble  phosphates.  So  the  control  of  the  oil  refining  and  the 
fertiliser  industries  usually  go  hand  in  hand. 

The  heavier  oils  are  removed  by  distillation  in  steam.  This 
fraction  is  used  for  making  gas,  or  as  liquid  fuel.  Petroleum  tar 
remains  in  the  still.  This  may  be  used  for  liquid  fuel,  also.  It 
is  very  rich  in  paraffin  and  a  large  percentage  of  wax  for  candle- 
making  is  obtained  from  it.  It  also  yields  lubricating  oils  oi 
fine  quality,  the  final  residue  being  a  rich  carbon  coke. 

According  to  Mr.  Noble  Canadian  oil  contains  about  5%  ot 
benzine,  and  45%  of  illuminating  oil. 

The  contents  of  Canadian  petroleum,  as  given  by  Mr. 
Norman  Tate,  are  as  follows: — 

Naphtha,  s.g.  .735 12.5 

Lamp  oil,  do.  .820 35.8 

Lubricating  oils 43 . 7 

Parrafine 3.0 

Coke 3.2 

Loss 1.8 


100.00 


Dr.  Sheridan  Muspratt  quotes  the  same,  as  follows: — 

S.g.  .794 20.0 

do    .837 50.0 

Lubricating  oil  (rich  in  paraffine) 22.0 

Tar 5.0 

Coke 1.0 

Loss 2.0 


100.00 


iG.  S.  C.  Vol.  IV,  1888-9,  p.  77  S. 
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The  actual  percentages  of  the  various  products  of  petroleum, 
according  to  the  returns  received  from  the  refiners  for  the  year 
1889,  are  as  follows: — 

Illuminating  oils 38.7 

Benzine  and  naphtha 1.6 

Paraffine  and  other  oils,     (including  gas,  paraffine,  black 

and  other  lubricating  oils  and  paraffine  wax) 25.3 

Waste,  not  returned,  (including  coke,  tar  and  heavy  re- 
siduum)     34 . 4 


100.00' 


Postscript 


Although  the  drilling  of  deep  wells  in  the  Petrolia  pool  has 
not  been  successful  in  meeting  with  deeper  supplies  of  petroleum 
than  that  of  the  Onondaga  (Corniferous)  limestone,  yet  a  deep 
well  in  the  Oil  Springs  pool  met  with  a  good  supply  of  natural  gas, 
which  has  been  in  use  for  some  time.  The  date  and  depth  of 
drilling  are  not  to  hand,  but  according  to  newspaper  reports  the 
deeper  producing  level  is  between  one  and  two  thousand  feet. 
During  the  summer  of  1916  a  gas  well  drawing  upon  this  lower 
supply  is  reported  to  have  stopped  yielding  gas'  and  to  have 
partially  filled  in  with  an  oil  of  light  gravity.  No  further  details 
are  to  hand.  The  question  as  to  whether  this  may  lead  to  the 
discovery  of  another  large  and  comparatively  permanent  supply 
of  petroleum  will  be  decided  only  by  further  exploration  and 
testing. 


THE  GEOLOGY  OF  THE  COLLBRAN  CONTACT  OF  THE 
SUAN  MINING  CONCESSION,  KOREA.* 

By  D.  F.  HiGGiNS. 

The  general  location  of  the  Suan  Mining  District  is  in  central 
Korea  (see  Fig.  1),  about  55  miles  east-south-east  of  the  city  of 
Pyeng  Yang,  Korea,  approximately  in  latitude  38°  48'  north,  and 
longitude  126°  20'  east.     The  Suan  Mining  Concession,  held  by 


Plate  1 

General  view  of  Camp  at  Hoi  Kol,  Korea;  looking  north  down  the  valley 
towards  Suktari. 


the  Seoul  Mining  Company,  covers  an  area  of  40  by  60  Korean 
li,  about  260  square  miles.  The  contact  principally  concerned 
(see  Fig.  2)  is  irregularly  elliptical  in  outline  with  a  periphery 
of  about  21  miles  not  taking  into  account  the  irregularities. 
The  major  axis  of  the  ellipse  extends  in  an  east-south-east 
direction.     The  camps  are  reached  by  government  and  company 


*Published  with  the  permission  of  the  Seoul  Mining  Company. 
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Fig.  1 — Map  of  Korea  showing  the  general  location  of  the  Suan  Mining 
Concession  and  the  principal  towns. 
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roads  from  Pyeng  Yang.  The  generally  rugged  nature  of  the 
topography  of  the  concession  is  indicated  in  Plate  1.  The 
maximum  difference  of  elevation  on  the  concession  is  about  3500 
feet.  The  climate  blends  the  characteristics  of  semi-tropical 
and  north  temperate  conditions.  There  is  a  rather  heavy  rain- 
fall in  the  summer;  while  spring,  autumn,  and  winter  are  compar- 
able with  those  seasons  in  Ohio. 

The  general  geologic  features  of  the  district  are,  briefly: — 
a  series  of  sedimentary  rocks  intruded  by  a  granite  batholith. 
The  invasion  of  the  granite,  has  uplifted  and  pushed  aside  the 
overlying  and  surrounding  rocks  with  tremendous  force.  Erosion 
has  exposed  the  mass,  showing  a  rim  of  the  upturned  edges  of  the 
sedimentary  rocks  around  the  granite.  In  the  immediate  vicin- 
ty  of  the  granite  the  sediments  have  been  metamorphosed  more 
or  less  profoundly  into  hornfels,  schist,  marble,  and  other  meta- 


Fig.  2 — Suan  granite  and  the  CoUbran  contact.     The  position  of  placers, 
and  prospects  are  indicated. 
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morphic  types.  In  some  of  these  metamorphosed  rocks  ore 
deposits  containing  copper,  bismuth,  and  gold,  have  been 
found.  The  granite  core  forms  the  highest  part  of  the  concession, 
and  hence  the  drainage  is  roughly  radial.  Streams  crossing  the 
contact  between  the  granite  and  the  sedimentary  rocks,  where 
gold  values  are  present  at  the  contact,  carry  the  metal  down- 
stream across  the  upturned  edges  of  the  sedimentary  rocks  which 
form  excellent  natural  rififles.  The  Koreans  have  worked  these 
placers  for  the  old  Korean  Household  Department  for  centuries. 


Lengrth  of  sect/on  approx.  I  mile. 
Fig.  3 — Showing  the  contact  north  of  the  Tul  Mi  Chung. 

General  Geology. 


Sedimentary  rocks. — There  are  at  least  two  sedimentary 
series  on  the  Suan  Concession.  If  the  gneiss  of  the  western  part 
of  the  concession  be  of  sedimentary  origin,  there  are  three  series. 
This  Siroo  Pong  San  gneiss  (the  name  being  derived  from  the 
mountain  where  it  is  extensively  developed)  is  the  oldest  rock 
exposed  on  the  concession ;  and  over  it  and  complexly  folded  into 
it  are  certain  schists  and  a  thin  quartzite.  This  is  the  oldest 
definitely  sedimentary  series  of  the  area. 

Speaking  broadly,  the  second  series,  which  detailed  study 
would  doubtless  show  to  comprise  two  series,  is  composed  of 
limestones,  slates,  and  quartzites.   The  intricacy  of  the  structure 
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in  the  immediate  neighbourhood  of  the  Collbran  contact  is  such 
that  no  definite  sequence  can  be  decided  upon  except  from 
general  field  relations.  Fossils  are  lacking,  although,  the  batholith 
cuts  across  the  sediments  irregularly  (see  Fig.  2),  the  Hoi  Kol 
limestones  invariably  underlies  the  Suan  slates.  This  is  shown  in 
section  in  Fig.  3  and  4.  In  general  the  field  relations  show  the 
Hoi  Kol  limestone  to  be  closer  to  the  batholith  than  the  Suan 
slates. 

Assuming  then  that  the  oldest  sediments  are  the  nearest  to 
the  intrusion,  all  being  upturned  about  its  edges,  we  have  in  order 
from  oldest  to  youngest: — Hoi  Kol  limestones,  Suan  slates, 
quartzite  (with  a  little  comglomerate),  Tul  Mi  Chung  limestone, 
and  Tong  Am  limestone.  The  Suan  mine  and  the  Tul  Mi  Chung 


Weigall  ^r 


zones  an^  Ore-bodies 


Fig.  4 — Diagrammatic  Section  through  a  part  of  the  Tul  Mi  Chung  Mine. 

mine  are  in  the  Hoi  Kol  limestone.  This  is  the  only  limestone 
really  in  contact  with  the  granite.  The  Hoi  Lol  limestone  is  in 
part  pure  calcite,  in  part  magnesian  (but  this  point  needs  to  be 
definitely  established  by  analyses),  and  in  no  place  is  it  very 
siliceous  or  argillaceous;  tho  'blue  limestone,'  is  abundant. 
Near  the  contact,  the  limestone  is  usually  a  marble,  character- 
istically saccharoidal. 


Igneous  Rocks. — In  order  of  age  the  igneous  rocks  are  as  fol- 
lows:— The  dolerite,  from  its  metamorphosed  appearance  in  the 
field  and  under  the  microscope  is  considered  to  be  older  than 
the  main  granite  intrusion;  originally  it  was  a  gabbro  composed 
almost  entirely  of  augite,  plagioclase  at  least  as  calcic  as  oligoclase, 
and  ilmenite.     Almost  all  of  the  augite  has  been  altered  to  urolitic 
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Plate  2 

Suktari  mill,  Suan  mine,  Hoi  Kol,  Korea.     The  mill  is  4000  feet  distant 
from  the  mine,  and  has  a  capacity  of  200  tons  daily. 
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Plate  3 


An  example  of  the  development  of  leucoxene  about  ilmenite  in  the  dolerite. 
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hornblende,  and  the  plagioclase  to  chlorite,  quartz,  etc.  The 
ilmenite  has  been  partially  altered  to  leucoxene,  (see  Plate  2.) 

Near  the  western  part  of  the  contact  are  certain  dykes 
and  stocks.  The  Tong  Am  quartz  diorite  dykes,  closely 
related  to  the  'Weigall  granite'  referred  to  later,  are  doubtless 
one  of  the  last  phases  of  the  intrusion  of  the  Suan  granite. 
These  dykes,  strangely  enough,  have  exercised  the  strongest 
metamorphic  influences  observ^ed  on  the  concession.  They 
carried  large  amounts  of  mineralizers  and  metallic  sulphides, 
including  molybdenite  in  considerable  amount.  Molybdenite 
was  not  seen  elsewhere  except  in  very  small  amount  at  Peh  Wha. 

Certain  other  granites  and  diorites  of  this  western  part  seem 
to  be  older  than  the  Suan  granite,  which  is  the  main  intrusive. 
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Fig.  5 — Vein  of  calcite  in  quartz-diorite  in  the  Tul  Mi  Chung  mine. 


Weigall  Gm««7e.— The 'Weigall  granite's  the  so-called  'syenite', 
occurs  in  large  and  small  dykes  in  the  workings  of  theTulMiChung 
mine.  (See  Fig.  4).  There  it  is  without  doubt  closely  connected 
withtheoriginof  the  ores.  Microscopic  study  shows  the  rock  to  vary 
from  a  quartz  monzonite  through  a  quartz  diorite  to  a  true  mica 
diorite.  The  average  composition  is  probably  that  of  a  quartz- 
biotite  diorite.  It  is  probably  an  off-shoot  of  the  parent  magma  of 
the  Suan  granite  intruded  shortly  after  the  main  mass,  but  before 
any  great  cooling  had  taken  place.     Locally  through  alteration 

^So  named  after  Mr.  A.  R.  Weigall,  who  first  (in  1913)  identified  the  rock 
as  being  closely  associated  with  the  ores  in  the  lower  level  of  the  No.  2  cross- 
cut tunnel  at  Tul  Mi  Chung. 
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the  rock  has  developed  a  dirty  white  or  buff  colour,  (see  Fig.  5). 
The  biotite  was  the  last  of  the  minerals  to  succumb  to  this 
alteration,  and  in  some  places  a  limey-looking  rock  with  numerous 
black  or  brown  mica  flakes  in  it  marks  this  stage  of  the  alteration. 
The  alteration  has  occurred  along  and  then  out  from  cracks  and 
small  faults  in  the  formation  (see  Fig.  5) ;  and  it  has  proceeded  so 
far  in  many  places  that  the  product  cannot  be  recognized  as 
having  been  derived  from  the  diorite  without  tracing  the  inter- 
mediate stages.  At  present  the  writer  can  only  advance  the 
hypothesis,  which  seems  to  be  supported  by  all  the  evidence 
available,  that  the  alteration  of  this  igneous  rock  has  been  caused 
by  the  circulation  of  hot  water  through  fissures,  and  presumably 
given  off  by  the  main  Suan  granite,  or  possibly  in  part  by  the 
'Weigall  granite'  itself,  during  cooling.  These  waters  were  of 
first  importance  in  the  deposition  of  the  Tul  Mi  Chung  ores. 
In  fact,  it  seems  not  improbable  that  a  part  of  the  ore  has  been 
deposited  in  a  highly  altered  phase  of  the  diorite. 

Other  Granites. — The  Hoi  Kol  granite,  and  the  Tul  Mi  Chung 
quartz-porphyry  and  tourmalin  granite,  are  stocks  which  were 
intruded  soon  after  the  main  granite.  Lithophysae  and  tour- 
maline indicate  the  presence  of  mineralizers.  They  are  in  all 
probability  differentiation  products  of  the  parent  magma, 
occurring  significantly  close  to  ore  deposits.  The  Chil  Sing 
Dai  granite  (later  granite.  Fig.  2)  is  of  the  same  type  as  regards 
origin,  but  is  entirely  surrounded  by  the  Suan  granite.  The 
possibility  must  not  be  overlooked,  however,  that  the  Chil 
Sing  Dai  granite  may  have  been  the  primary  stock  subse- 
quent to  the  solidification  of  which  the  Suan  granite  may  have 
been  intruded.  Certain  aplite  dykes  were  both  precursors  and 
followers  of  the  great  intrusion.  They  do  not  appear  in  con- 
nection with  ores  except  at  Sang  Dai,  the  eastern  prospect 
of  the  contact  (see  Fig.  2).  The  Suan  granite  itself  appears 
in  two  principal  masses,  one  being  the  Unjinsan  massif  batholith 
which  occupies  an  area  of  about  30  square  miles;  and  the 
other  the  granite  boss  of  An  Ka  Roo  Kai,  (see  Fig.  2)  oc- 
cupying an  area  of  about  \  square  mile.  The  general  shape 
of  the  intrusion  (see  Fig.  2)  is  elliptical,  five  by  eight  miles. 
The  long   axis   extends   in    a   west-north-west,    east-south-east 
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direction,  which  seems  to  be  the  general  orogenic  axial  direction 
of  the  region.  At  no  place  has  the  writer  observed  the  contact 
to  dip  toward  the  granite,  but  a  local  bulge  may  have  caused 
such  a  condition  to  develop  in  some  restricted  locality.  The 
average  dip  of  the  contact  varies  from  30°  to  vertical.  About 
60"  is  most  common,  but  great  variations  occur  (see  Fig.  6). 

The  granite  is  porphyritic  in  texture,  about  5%  being 
phenocrysts  of  orthoclase  from  j  inch  to  3  inches  in  size  and  the 
remainder  a  rather  coarsely  granitoid  ground-mass.  The  pheno- 
crysts are  very  commonly  in  the  form  of  Carlsbad  twins  which  in 


hic     surface 


Fig.  6 — Diagram  showing  present  and  hypothetical  former  section 
at  the  Suan  mine. 


places  weather  out  so  as  to  show  the  characteristic  form  of  this 
combination.  The  phenocrysts  are  never  free  from  small  in- 
clusions of  biotite,  quartz,  and  hornblende. 

The  ground-mass  of  the  granite  is  made  up  essentially  of 
plagioclase,  orthoclase,  quartz,  hornblende  and  biotite.  The 
comparatively  large  amount  of  plagioclase  and  of  ferro-magnesian 
minerals  indicate  that  this  is  not  a  true  granite,  but  that  it  has 
dioritic  affinities.  Its  true  name  should  be  a  tonalite-porphyry; 
but  the  term  granite  has  here  been  used.  The  plagioclase 
is  oligoclase  with  an  average  composition  close  to  Ab82  Anjg  as 
determined  microscopically;  but  the  composition  varies  slightly 
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in  different  parts  of  the  intrusion.   The  accessory  minerals  noted 
were  titanite,  apatite,  magnetite,  and  zircon. 

About  the  periphery  of  the  granite,  dykes  of  basalt  varying 
from  a  few  inches  to  7  feet  in  width,  and  from  a  few  hundred  feet 
to  half  a  mile  in  length,  are  of  frequent  occurrence.  There  is  also 
a  small  area  of  basalt  of  slightly  more  than  an  acre  in  extent  in 
the  Morachi  Valley  southwest  of  Hoi  Kol.  This  basalt  is  the 
youngest  igneous  rock  of  the  contact  area.  It  is  doubtless  older, 
however,  than  the  basalt  of  the  lava  plains  of  Korea,  one  of 
which  lies  a  number  of  miles  to  the  southeast  of  the  concession. 
The  basalt  cuts  both  granite  and  sediments,  and  seems  to  have 
been  intruded  not  a  great  while  after  the  solidification  of  the 
granite. 

Metamorphic  rocks. — The  metamorphic  rocks  are  the  granite 
gneiss  of  the  Siroo  Pong  San  massif  with  its  associated  schists 
and  quartzite,  all  products  of  regional  metamorphism ;  the 
hornfels,  schist  and  marble,  and  garnet-epidote-actinolite, 
diopside-phlogopite-garnet,  diopside-vesuvianite,  wollastonite- 
tremolite  (?),  and  coUbranite  (a  highly  ferriferous  pyroxene,) 
and  similar  complicated  mineral  aggregates,  in  many  places 
highly  metalliferous,  were  formed  by  the  contact  metamorphism 
of  the  Suan  granite. 

Geological  Record. 

Certain  red  conglomerates  exposed  some  distance  south- 
west of  the  concession,  along  the  railway  from  Pyeng  Yang  to 
Seoul,  may,  because  of  the  lack  of  fossils,  be  correlated  tentatively 
with  the  red  Yung  Ning  sandstone  and  quartzite  of  the  Liaotung 
Peninsula,  determined  by  Blackwelder'  to  be  of  Cambrian 
(basal)  age,  and  also  correlated  by  him  with  the  Man-t'o  (lower 
Cambrian)  of  Shantung  and  Shansi  provinces,  China.  They  have 
been  identified  by  the  present  writer  in  Chili  province.  If  this 
suggested  correlation  be  correct,  there  can  be  no  doubt  that  the 


^  Willis  and  Blackwelder,  "Research  in  China,"  Carnegie  Institution  of 
Washington,  1903-4. 
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sedimentary  rocks  of  the  Suan  Concession  are  of  pre-Cambrian 
age.    They  are  provisionally  classified  as  follows: — 

Siroo  Pong  San  granite  gneiss Archean. 

Schist  and  quartzite  of  Siroo  Pong 

San  region Early  Proterozoic. 

Hoi  Kol  limestone,  Suan  slates,  Tul 

Mi  Chung  quartzites,  etc Later  Proterozoic  (possi- 
bly Nankow')- 

Suan  granite  intrusion  with  forma- 
tion of  ore-deposits Close  of  Mesozoic. 

Paleozoic  sediments,  now  completely  removed  from  the 
area  of  the  concession,  are  to  be  found  about  Pyeng  Yang;  hence, 
it  seems  certain  that  these  Paleozoic  rocks  once  extended  over 
the  area  described,  but  they  have  been  removed  by  prolonged 
processes  of  erosion. 

The  Siroo  Pong  San  massif  seems  to  be  a  dome  beneath  the 
centre  of  which  one  may  suspect  there  is  another  batholith 
similar  to  the  Suan  granite,  but  not  yet  exposed  by  erosion. 
Carbonated  springs  and  certain  zinc  and  lead  veins  lend  colour  to 
this  hypothesis.  No  granite  similar  to  the  Suan  granite  is  to  be 
seen  in  traversing  Korea  in  this  latitude.  The  'Korea  granite' 
of  von  Richthofen,  so  abundant  in  Korea,  is  non-porphyritic,  and 
is  chemically  different  being  more  acid  than  the  Suan  granite. 

Economic  Geology. 

Geologic  relations: — In  general  the  dip  of  the  sedimentary 
rocks  along  the  Collbran  contact  is  quaquaversal.  Near  Tul 
Mi  Chung  there  is  an  important  exception  to  this  rule.  (See  Fig. 
4).  This  condition  seems  to  have  been  developed  by  the  great 
opposition  to  the  Unjinsan  unlift  by  the  Siroo  Pong  San  massif 
in  the  western  part  of  the  concession,  which  also  was  being 
uplifted  probably  at  the  same  time.  Here  the  contact  is  very 
steep,  in  some  places  vertical,  and  the  slate  dipping  toward  the 
granite  has  had  its  edges  resorbed  by  the  granite.  (See  Fig.  4). 
Contact  metamorphism  has  profoundly  altered  some  of  the  rocks 
bordering   the  granite.     During  an   early   stage  of   the  meta- 


*  Loc.  cit,;  Geology  of  Shansi  Province. 
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morphism  silicates  were  developed,  and  at  a  later  stage  the  sul- 
phides and  metallic  gold-silver  alloy  were  formed. 

The  part  which  weathering  has  played  in  the  formation  of 
the  ores  deposits  of  the  Suan  Concession  is  somewhat  problem- 
atical. There  is  very  little  secondary  concentration  at  the  Suan 
mine.  In  the  western  ore  body  a  small  amount  of  secondary 
chalcocite  was  observed.  The  second  period  of  deposition  of 
chalcopyrite  may  be  due  to  the  action  of  surface  waters.  On  the 
other  hand,  at  the  Tul  Mi  Chung  mine,  secondary  concentration 
is  very  evident.  The  lack  of  secondary  concentration  at  Hoi 
Kol  is  no  doubt  largely  due  to  the  rapid  run-off  caused  by  the  steep- 
ness of  the  slopes.  Surface  leaching  penetrated  several  fathoms, 
but  even  stains  of  malachite  do  not  occur  at  depth  of  over  100 
feet  in  the  eastern  ore-bodies.  Chalcocite  films  were  seen  at  a 
depth  of  about  200  feet  in  the  western  ore,  where  topographic  and 
structural  conditions  are  more  favourable  for  the  retention  of 
rain-water. 

Ore  deposits.     (Suan  Mine) 

Form  and  structure: — At  the  Suan  mine  at  Hoi  Kol  there  are 
two  distinct  types  of  ore  in  two  distinct  groups  of  ore-bodies, 
known  as  the  western  and  the  eastern  groups  respectively.  The 
western  group  includes  the  locally  known  'western  ore-body'; 
and  the  eastern  group  the  locally  known  "central  ore  body"  and 
the  'eastern  ore-body'  with  its  'north  split'  and  'south  split'. 

The  ore-bodies  of  the  western  group  are  tabular  or  lenticular 
in  form  and  occur  on  the  great  fault  zone  which  extends  along 
the  west  side  of  the  Hoi  Kol  valley  (See  Fig.  7.)  The  ore-bodies 
of  the  eastern  group  are  far  more  irregular,  and  occur  on  a  series 
of  interlocking  fault  zones  which  make  up  one  large  zone  running 
about  parallel  to  the  contact  and  approximately  of  right  angles 
to  the  west  fault  (See  Fig.  8).  In  this  zone  the  last  movement 
was  downward  about  30°  towards  the  south,  and  was  probably 
caused  by  a  settling  of  the  granite  in  cooling.  As  a  whole  the 
zone  dips  60°-80°  toward  the  contact  in  the  upper  levels,  but  is 
about  vertical  in  the  lower  levels  of  the  mine.  The  western  zone 
dips  50°-60°  to  the  south,  and  extends  into  the  granite;  while  the 
eastern  one  runs  about  parallel  to  the  contact.     The  distinctive 
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minerals  of  the  western  group  are  tetrahedrite  and  dolomite, 
which  occur  with  the  other  ore  and  gangue  minerals.  Sphalerite 
and  galena  may  also  belong  to  this  category  as  they  were  not 
certainly  recognized  in  the  eastern  group.  Tetrahedrite  and 
dolomite  are  never  found  in  the  eastern  group. 

Genesis: — It  is  clear  then  from  both  structural  and  mineral- 
ogical  evidences  that  the  ores  of  the  two  groups  have  originated 
differently  from  the  same  magma.    The  ore  of  the  western  group 


Fig.  7 — Diagram  of  the  western  group  of  orebodics,  showing  the 
mineralized  zone  at  Suan  mine,  looking  south. 


was  deposited  from  gold-silver-copper-iron-zinc-lead-antimony- 
bismuth-magnesium-bearing  solutions  working  up  and  laterally 
along  the  fault  zone  from  the  granite  into  the  limestone.  The 
deposits  are  in  the  limestone  hanging-wall,  none  having  been 
found  in  the  hornfels  foot- wall.  Certain  silicates,  such  as 
diopside  and  phlogopite  had  been  developed  prior  to  the  deposition 
of  the  sulphides.  The  ores  replaced  the  calcite  in  preference  to 
these  silicates,  and  filled  veins.  Minute  veinlets  of  chalcopyrite 
veinlets  constitute  the  last  stage  of  the  mineralization. 
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In  the  eastern  group,  gold-silver-copper-iron-bismuth-bear- 
ing solutions,  emanating  from  the  granite  passed  upwards  along 
the  complicated  channels  of  the  fault  zone.  Calcite  was  most 
easily  replaced  (see  Fig.  9),  but  phlogopite  and  diopside  (see 
Plate  4)  were  also  extensively  replaced.  The  solutions 
altered  the  wall  rock  to  a  much  greater  extent  than  in  the  case  of 
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Fig.  8 — Diagram  of  the  eastern  group  of  orebodies,  showing 
mineralized  zone  at  Suan  mine. 

the  western  group.    The  presence  of  pyrrhotite  as  an  important 
sulphide  of  the  eastern  group  must  also  be  emphasized. 

Paragenesis: — Briefly  the  order  in  which  the  sulphides  and 
gangue  minerals  of  the  second  period  of  mineralization  of  the 
two  groups  of  ore-bodies,  seems  to  have  been  as  shown  in  the 
following  table.  The  observations  were  made  at  depths  of  be- 
tween 150  and  400  feet  below  the  present  land  surface. 
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Plate  4 
Chalcopyrite  from  the  Suan  mine  replacing  diopside  and  phlogopite. 


Pyroxene  (diopside).  I     ^ a\    Bismuthinite. 

Chalcopyrite.  I  I     Gold -sl\vcr  alio) 


Fig.  9 — Drawing  from  a  hand  specimen,  showing  the  selective  replacement 
of  calcite  rather  than  diopside  by  chalcopyrite. 
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Western  Group. 

Primary. 

1.  Tetrahedrite. 

2.  Tetrahedrite,    sphalerite,    and    galena. 

3.  Chalcopyrite,  bismuthinite,  and  gold- 

silver  alloy ;  bornite. 

4.  Dolomite. 

5.  2nd  chalcopyrite. 

6.  Calcite  and  quartz. 


Secondary. 
1.  Chalcocite. 


Eastern  Group. 

Primary.  Secondary. 

1.  Pyrite.  1.  Chalcopyrite. 

2.  Pyrrhotite,  chalcopyrite,  and  bornite. 

3.  Chalcopyrite,  bismuthinits,  and  gold- 

silver  alloy. 

4.  Gold-silver  alloy  and  bismuthinite. 

5.  2nd  chalcopyrite. 

7.  Calcite  (and  a  little  quartz). 

Overlapping  is  indicating  by  repeating  the  mineral  species, 
so  that  the  metallic  content  of  the  depositing  solutions  is  evident 
for  each  period.  The  mineralization  proceeded  more  or  less 
uniformly,  and  the  table  does  not  mean  to  convey  the  idea  that 
there  was  necessarily  an  abrupt  change  in  the  solutions  at  the 
tabular  divisions.  The  mineralization  of  the  eastern  ore-group 
of  the  Suan  mine  seems  to  be  characteristic  of  the  whole  Co'lbran 
contact,  with  the  probable  exception  of  some  of  the  Tul  Mi 
Chung  ore,  which  the  writer  did  not  examine  in  detail,  and  which 
contains  abundant  galena  and  hematite,  and  has  been  modified 
by  meteoric  waters. 


List  and  Classification  of  Minerals  Observed. 

The  following  is  a  complete  list  of  the  minerals  observed  in 
the  metamorphosed  country  rock  along  the  Collbran  contact. 

Native  elements. — Gold  and  silver  (alloyed  about  39%  Au 
to  11%  Ag.);  copper;  graphite. 
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Plate  5 
Showing  a  characteristic  radial  aggregate  of  coarse  diopside  crystals 
from  the  eastern  ore-body  of  the  Suan  mine. 

Sulphides. — Pyrite;  sphalerite;  galena;  chalcocite;  molyb- 
denite; bismuthinite;  pyrrhotite;  chalcopyrite;  bornite;  tetra- 
hedrite;  undetermined  white  sulphide,  and  undetermined  gray 
mineral  (sulphide?). 

Fluorides. — Fluorite. 

Oxides. — Quartz;  chalcedony;  hematite,  specular;  hematite, 
blue;  magnetite;  cuprite;  spinel?;  manganese  oxide?;  and  tin- 
guite. 
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Plate  6 
Highly  ferriferous  pyroxene  in  marble  from  the  Suan  Mine,  described 
in  the  text  as  coUbranite. 


Carbonates. — Calcite;  dolomite;  ankerite;  siderite;  azurite; 
and  malachite.      (See  Plate  5.) 

Silicates.- — Diopside;  actinolite;  garnet,  grossularite ;  garnet, 
andradite,  (possibly  pyrope),  garnet,  a  green  undetermined 
species;  phlogopite;  biotite;  collbranite  (See  Plate  6);  heden- 
bergite;  vesuvianite;  epidote  orthoclase,  tremolite?;  wollastonite?; 
tourmaline;  chlorite;  sericite;  amphibole;  asbestos,  mountain 
leather;  serpentine?;  zeolite;'  copper-pitch' ;  and  an  undetermined 
yellow  mineral. 

Summary  of  the  Geology. 

A  region  of  pre-Cambrian  slates,  limestones,  and  quartzite. 
together  with   earlier   igneous   rocks,    has   been   intruded   by   a 
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batholith  of  porphyritic  granite  (tonalite)  approximately  roughly 
elliptical  in  shape  and  occupying  an  area,  as  now  exposed,  of 
some  30  square  miles.  Strong  contact  metamorphism  of  the 
rocks  close  to  the  granite  took  place,  involving  recrystallization 
of  minerals  in  situ  and  mineralization  with  accession  of  material 
from  the  magma.  During  an  early  stage  in  the  development  of 
the  contact  metamorphism  notable  additions  of  silica,  alumina, 
ferric  oxide,  potassia  (?),  fluorine,  boron,  and  to  a  lesser  extent 
metallic  sulphides  took  place;  mineralization  probably  being 
assisted  greatly  by  the  solvent  and  catalyzing  action  of  water, 
fluorine,  and  boron.  Following  this  early  stage  of  silication 
certain  crustal  disturbances,  caused  both  by  the  injection  of 
subsidiary  stocks  and  dykes  from  the  magma  which  in  part  had 
already  solidified  and  also  by  readjustments  in  the  magma  itself. 
A  short  period  of  intense  mineralization  followed  these  crustal 
disturbances  which  had  caused  fracturing  and  deformation. 
At  this  tim.e  metallic  sulphides  and  the  gold  and  silver  alloy  were 
deposited  the  latter  occurring  in  sufficient  quantity  to  make  the 
average  value  of  the  ore  about  ten  dollars  a  short  ton.  Along 
different  parts  of  the  contact  diflterent  metals  appear  in  different 
relative  proportions,  but  copper,  bismuth,  and  gold  are  always 
present.  Subsequeutly  erosion  has  exposed  the  deposits;  but 
secondary  concentration  has  by  no  means  been  equally  developed 
in  all  places.  The  depth  at  which  the  deposits  were  formed  was 
probably  about  20,000  feet,  at  a  pressure  of  about  1500  atmo- 
spheres to  the  square  inch ;  but  this  estimate  may  be  subject  to 
great  revisior.. 
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